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(54) 3-D IMAGE DISPLAY METHOD AND 3-D IMAGE DISPLAY DEVICE USING THE METHOD 



(57) A 3-D image displaying method and a 3-D im- 
age display unit which need no special glasses, can eas- 
ily provide a multi-viewpoint system, allows changeover 
to the 2-D image display, and can provide a small-depth 
configuration. A light source means (200) on which, as- 
suming that the number of parallax directions is p, and 
q and r meet a relational expression, p = q x r, a plurality 
of unit light emitting blocks are arranged in the form of 
a matrix, each having light emitting units disposed in re- 
spective q partial regions belonging to mutually different 
rows and mutually different columns of a matrix of q rows 
and q columns; a horizontal cylindrical lens array (300); 
and an image display device (400) are provided. A light 
flux radially projected from each light emitting unit (211) 
is passed through a display surface, being expanded to 
a breadth of at least p pixels in the horizontal section, 
and in the vertical section, the lens function of a hori- 
zontal cylindrical lens array (300) focuses the light flux 
every (n x q) pixels on the display surface, thereafter 
causing it to be diffused in the vertical plane, which re- 
sults in formation of an observing region where a differ- 
ent horizontal parallax image is observed in each of ver- 
tical zones which are adjacent to one another. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a 3-D image 
display unit using a 3-D image displaying method for dis- 
playing, toward a prescribed observing region, a stere- 
oscopic image giving only horizontal parallaxes and no 
vertical ones. 

BACKGROUND 

[0002] 3-D image display units for computers and tel- 
evision receivers preferably meet the requirements, 
such as (1) no special glasses must be needed for ob- 
servation, (2) a highly fine 3-D images must be able to 
be observed in a wide observing region, (3) an image 
quality which is equivalent to that can be obtained with 
a display unit specialized for 2-D image must be provid- 
ed, and (4) they must be able to be configured as a 
small-depth unit, such as a notebook type one and a 
wall-mounting type one. 

[0003] The 3-D image display units based on the len- 
ticular system and the parallax barrier system that have 
already been put to practical use require no special 
glasses, and can be configured as a small-depth unit, 
therefore, they meet (1) and (4) of the above require- 
ments. However, they meet the requirements (2) and (3) 
extremely unsatisfactorily, having not reached the prac- 
tical use stage. 

[0004] Then, various proposals for meeting the re- 
quirements (2) and (3) have been offered. As a 3-D im- 
age displaying method which allows observation over a 
wide region as required in (2), the multi-viewpoint meth- 
od, the head tracking method, and the like have been 
offered. The multi-viewpoint method always displays a 
number of parallax images toward multiple directions, 
while the head tracking method moves the 3-D image 
observing region, following up the movement of the ob- 
server. 

[0005] However, the prior art based on the multi-view- 
point method that uses a lenticular sheet or a parallax 
barrier displays a synthetic image in the form of vertical 
stripes that is as a result of the parallax images which 
number corresponds to that of parallax directions each 
being decomposed into vertical stripes, and the vertical 
stripes being alternately arranged in the prescribed or- 
der to be synthesized into one image, therefore, there 
has been a problem of that, as the number of parallax 
directions is increased, the resolution of the displayed 
image is substantially lowered. To solve this problem, 
US Patent No. 5,036,385 (Japanese Laid-open Publi- 
cation No. 2 (1994)-284135) discloses a higher preci- 
sion art for 3-D image display by time sharing that com- 
bines a light source array in the form of vertical stripes 
that periodically goes on and off, with a transmission 
type display device which renews the displayed image 
in synchronization with that light source array. 



[0006] On the other hand, as a proposal for higher 
precision art which is not by time sharing, Japanese Pat- 
ent Application No. 11 (1999)-218582 by the present in- 
ventor has been offered. This has achieved a highly fine 
5 multi-viewpoint 3-D image display by adopting the pixel 
arrangement in the form of a matrix rather than the pixel 
arrangement in the form of stripes, noting the arrange- 
ment structure of the pixels for a display device. 
[0007] As a 3-D image displaying method which al- 
io lows switchover to a highly fine 2-D image display, as 
required in (3), a system which can switch over the light 
emitted from the respective pixels on the display screen 
from the light having a directivity to the diffused light hav- 
ing no directivity has been disclosed in Japanese Laid- 
>5 open Publication No. 5 (1993)-284542 and US Patent 
No. 5.410.345. 

[0008] The state of the art at present is such that, 
when a TN (twisted nematic) liquid crystal is used, it 
takes a few milliseconds to renew the displayed image 

20 at a minimum, therefore, with the higher precision art for 
3-D image display by time sharing as disclosed in US 
Patent No. 5,036,385 (Japanese Laid-open Publication 
No. 2 (1 994)-2841 35), a sufficiently large number of par- 
allax directions cannot be provided, and thus the con- 

25 figuration is expensive for the number of parallax direc- 
tions. 

[0009] The method as disclosed in Japanese Patent 
Application No. 11 (1999)-218582 by the present inven- 
tor is excellent in the principle, however, requires a com- 
30 plicated prism sheet, resulting in the device being diffi- 
cult to be manufactured. 

[0010] On the other hand, with the head tracking 
method as proposed in Japanese Laid-open Publication 
No. 1 0 (1 998)-78563, etc., not only observation by many 
35 persons is difficult in the principle, but also it is indispen- 
sable to provide a device for detection of the position of 
the observer, and a device for controlling the directivity 
of the light carrying parallax image information, resulting 
in the cost being high, when compared to that of the non- 
40 head tracking type 3-D image display unit. 

[0011] The method as disclosed in Japanese Laid- 
open Publication No. 5 (1993)-284542), US Patent No. 
5,41 0,345, etc. as a 3-D image displaying method which 
allows switchover to a highly fine 2-D image display, as 
15 required in (3), makes the construction and size more 
intricate and larger than those of the display unit spe- 
cialized for 3-D image display, which results in the cost 
being higher. 

50 SUMMARY OF THE INVENTION 

[0012] The present invention has been developed in 
consideration of these problems encountered with the 
prior art, and the purpose of the present invention is to 
55 offer a 3-D image displaying method which needs no 
special glasses, allows multi-viewpoint configuration to 
be given with ease, permits switchover to the high-res- 
olution 2-D image display or the intermixing display of a 
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2-D image and a 3-D image, and allows a small-depth 
unit to be configured, and a 3-D image display unit using 
that method. 

[0013] This purpose of the present invention can be 
achieved by: s 

[1] A 3-D image displaying method for displaying, 
toward a prescribed observing region, a stereo- 
scopic image giving only horizontal parallaxes and 
no vertical ones, wherein, 10 

assuming that the number of parallax direc- 
tions is p, and q and r are integers of 2 or greater 
that meet a relational expression, p = q x r, 

the method comprises a light source means 
on which a plurality of unit light emitting blocks are *5 
arranged in the form of a matrix, each having light 
emitting units disposed in respective q partial re- 
gions belonging to mutually different rows and mu- 
tually different columns of a matrix of q rows and q 
columns; a horizontal cylindrical lens array having 20 
a generator in the horizontal direction; and a trans- 
mission type image display device, 

on said transmission type image display de- 
vice, a synthetic image in which parallax images 
which number corresponds to that of parallax direc- 25 
tions are synthesized by arranging, in the form of a 
matrix, a plurality of unit display blocks in which p 
pixels in total are disposed in the form of a matrix 
of q rows and r columns in the prescribed order, 
each pixel being taken one by one from approxi- 30 
mately the same portions of p parallax image 
screens giving different parallaxes, and which are 
of q types different in arrangement pattern of p pix- 
els; and in each row of which the p pixels giving dif- 
ferent parallaxes are disposed such that they are 35 
repetitively arranged in the order of arrangement of 
the parallax images to be displayed in said observ- 
ing region is displayed, 

a light flux radially projected from one point on 
said light emitting unit in said unit light emitting block 10 
passes through the display surface of the image dis- 
play device, being expanded to a breadth of at least 
p pixels in the horizontal section, and the light flux 
which has passed through said display surface 
reaches said observing region, being expanded <5 
from the left end to the right end thereof, and in the 
vertical section, being roughly focused every (n x 
q) pixels (where n is an integer of 1 or greater) on 
the display surface of said image display device by 
the lens function of said horizontal cylindrical lens so 
array, and after passing through the image display 
device, traveling such that it is diffused in the verti- 
cal plane, which results in formation of an observing 
region where a different horizontal parallax image 
is observed in each of vertical zones which are ad- 55 
jacent to one another. 

[2] A 3-D image displaying method for displaying, 
toward a prescribed observing region, a stereo- 



scopic image giving only horizontal parallaxes and 
no vertical ones, wherein, 

assuming that the number of parallax direc- 
tions is p, and q and r are integers that meet rela- 
tional expressions, q g 2, r a 1 , and p = q x r, 

the method comprises a light source means 
on which a plurality of unit light emitting blocks are 
arranged in the form of a matrix, each having light 
emitting units each disposed in respective q partial 
regions belonging to mutually different rows and 
mutually different columns of a matrix of q rows and 
q columns; a horizontal cylindrical lens array having 
a generator in the horizontal direction; and a trans- 
mission type image display device, 

on said transmission type image display de- 
vice, a synthetic image in which parallax images 
which number corresponds to that of parallax direc- 
tions are synthesized by arranging, in the form of a 
matrix, a plurality of unit display blocks in which p 
pixels in total are disposed in the form of a matrix 
of q rows and r columns in the prescribed order, 
each pixel being taken one by one from approxi- 
mately the same portions of p parallax image 
screens giving different parallaxes, and which are 
of q types different in arrangement pattern of p pix- 
els; and in each row of which the p pixels belonging 
to different parallax images are disposed such that 
they are repetitively arranged in the order of ar- 
rangement of the parallax images to be displayed 
in said observing region is displayed, 

a light flux radially projected from said light 
emitting unit in said unit light emitting block passes 
through the display surface of the image display de- 
vice, being expanded to a breadth involving at least 
p pixels in the horizontal section, and the light flux 
which has passed through said display surface 
reaches said observing region, being expanded 
from the left side to the right side thereof, and in the 
vertical section, being roughly focused every (n x 
q) pixels (where n is an integer of 1 or greater) on 
the display surface of said image display device by 
the lens function of said horizontal cylindrical lens 
array, and after passing through the image display 
device, traveling such that it is diffused in the verti- 
cal plane, which results in formation of an observing 
region where a different horizontal parallax image 
is observed in each of vertical zones which are ad- 
jacent to one another. 

[3] A 3-D image displaying method as stated in par. 
[1] or par. [2], wherein, if the vertical dimension and 
the horizontal dimension of said unit light emitting 
block are Vs and Hs, respectively; the vertical di- 
mension and the horizontal dimension of said unit 
display block are Vd and Hd, respectively; the pitch 
for said horizontal cylindrical lens array is Vc; the 
distance between said light source means and said 
horizontal cylindrical lens array is L1; the distance 
between said horizontal cylindrical lens array and 
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the display surface of said image display device is 
L2; the distance between the display surface of said 
image display device and a prescribed observing 
location is L3; and the focal length for said horizon- 
tal cylindrical lens array in the vertical section is fv, 5 
the following relational expressions are met: 

1/fv = 1/L1 + 1/L2 



Vs : Vd = L1 : L2 



Vs : Vd = (L1 + L2 + L3) : L3 



Vs : 2(Vc/n) = (L1 + L2 + L3) : (L2 + L3), 

and 20 

Hs : (q X Hd) = (L1 + L2 + L3) : L3. 

[4] A 3-D image displaying method as stated in par. 25 
[1]or par. [2], wherein, if the vertical dimension and 
the horizontal dimension of said unit light emitting 
block are Vs and Hs, respectively; the vertical di- 
mension and the horizontal dimension of said unit 
display block are Vd and Hd, respectively; the pitch so 
for said horizontal cylindrical lens array is Vc; the 
distance between said light source means and said 
horizontal cylindrical lens array is L1; the distance 
between said horizontal cylindrical lens array and 
the display surface of said image display device is 35 
L2; the distance between the display surface of said 
image display device and a prescribed observing 
location is L3; and the focal length for said horizon- 
tal cylindrical lens array in the vertical section is fv, 
the following relational expressions are met: w 

1/fv= 1/L1 + 1/L2 



Vs : Vd = L1 : L2 



n/Vc = 1 Ns + 1/Vd, 

50 

and 

Hs : (q x Hd) = (L1 + L2 + L3) : L3. 

55 

[5] A 3-D image displaying method as stated in par. 
[1], par. [2], par. [3], or par. [4], wherein said hori- 
zontal cylindrical lens array is that which is con- 



structed such that a liquid crystal layer is disposed 
between a pair of electrode-equipped transparent 
substrates, 

electrodes formed on the electrode-equipped 
transparent substrate of at least one of said pair of 
electrode-equipped transparent substrates provide 
a linear electrode array consisting of a plurality of 
linear electrodes which extend in the horizontal di- 
rection, and are arranged in the vertical direction at 
a prescribed interval, and 

by applying a prescribed potential across the 
electrodes of said pair of electrode-equipped trans- 
parent substrates, said liquid crystal layer is provid- 
ed with a lens function. 

[6] A 3-D image displaying method as stated in par. 
[1], par. [2], par. [3], par. [4], or par. [5], wherein a 
diffusibility control means which allows selection 
from the two conditions, i.e., the transmission con- 
dition and the diffusion one is provided between 
said light source means and the vicinity of the dis- 
play surface of the image display device on the ob- 
server side, and 

by using said diffusibility control means for se- 
lection from said two conditions with said light 
source means being lighted, either the 3-D image 
display or the 2-D image one is selected. 
[7] A 3-D image displaying method as stated in par. 

par. [2], par. [3], par. [4], par. [5), or par. [6], 
wherein said horizontal cylindrical lens array is con- 
structed such that a liquid crystal layer and a high- 
polymer dispersion type liquid crystal layer are lam- 
inated between a pair of electrode-equipped trans- 
parent substrates, 

electrodes formed on the transparent sub- 
strate of said pair of electrode-equipped transpar- 
ent substrates that is contacted with the liquid crys- 
tal lens for liquid crystal layer provide a linear elec- 
trode array consisting of a plurality of linear elec- 
trodes which extend in the horizontal direction, and 
are arranged in the vertical direction at a prescribed 
interval, 

an electrode formed on the other transparent 
substrate which is contacted with said high-polymer 
dispersion type liquid crystal layer provides a trans- 
parent surface electrode, 

when displaying a 3-D image, a voltage is ap- 
plied across said linear electrode and said transpar- 
ent surface electrode for providing a lens function 
for said liquid crystal layer and making said high- 
polymer dispersion type liquid crystal layer trans- 
parent, 

when displaying a 2-D image, no voltage is 
applied across said linear electrode and said trans- 
parent surface electrode for providing said high-pol- 
ymer dispersion type liquid crystal layer with a func- 
tion to diffuse the light. 

[8] A 3-D image displaying method as stated in par. 
[7], wherein, by applying a voltage only across a 
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part of said linear electrodes and said transparent 
surface electrode, the 2-D. image display and the 
3-D image display are intermixed. 
[9] A 3-D image displaying method as stated in par. 
[1], par. [2], par. [3], par. [4], or par. [5], wherein a 5 
prescribed sub light source is disposed in a portion 
of said unit light emitting block where said light emit- 
ting unit is not disposed, such that the diffused light 
can be basically uniformly emitted from said region 
in the form of a matrix of q rows and q columns, 10 

when displaying a 3-D image, only said light 
emitting unit is lighted, and 

when displaying a 2-D image, said sub light 
source is lighted such that the light is radially pro- 
jected from the entire region of said unit light emit- »5 
ting block basically uniformly. 
[1 0] A 3-D image displaying method as stated in par. 
[1], par. [2], par. [3], par. [4], par. [5], par. [6], par. 
[7], par. [8], or par. [9], wherein said light source 
means is composed of a mask substrate having an 20 
opening in the location corresponding to said light 
emitting unit, and a planar light source which irradi- 
ates said mask substrate from the back thereof. 
[1 1 ] A 3-D image displaying method as stated in par. 
[1], par. [2], par. [3], par. [4], par. [5], par. [6], par. 25 
[7], par. [8], or par. [9], wherein said light emitting 
unit on said light source means is composed of self- 
luminous type light emitting sections. 
[12] A 3-D image displaying method as stated in par. 
(9], wherein said light source means is composed 30 
of a transmission type light source display device 
and a planar light source which illuminates said light 
source display device from the back thereof, 

when displaying a 3-D image, a mask pattern 
which has openings only in the locations corre- 35 
sponding to said light emitting units is displayed on 
said light source display device, said planar light 
source being caused to function as said light emit- 
ting units, 

when displaying a 2-D image, said mask pat- *o 
tern to be displayed on said light source display de- 
vice is set such that the diffused light is basically 
uniformly projected from the entire region of said 
unit light emitting block, whereby said planar light 
source is caused to function also as said sub light 45 
source. 

[1 3] A 3-D image displaying method as stated in par. 
[9j, wherein said sub light source is composed of 
self-luminous type light emitting sections. 
[1 4] A 3-D image displaying method as stated in par. so 
[9], par. [12], or par. [13], wherein, by lighting a part 
of said sub light sources, intermixing display of a 
2-D image and a 3-D image is performed. 
[1 5] A 3-D image displaying method as stated in par. 
[1], par. [2], per. [3], par. [4], par. [5], par. [6], par. 55 
[7], par. [8], par. [9], par. [10], par. [11], par. [12], par. 
[1 3], or par. [1 4], wherein, by constructing each pixel 
of said image display device with sub-pixels in the 



form of horizontal RGB stripes, the deviation in color 
balance for each pixel due to the difference in view- 
ing angle is suppressed, and 

by dividing the light emitting unit to be used 
for 3-D image display on said light source means 
into light emitting sections of the primary colors with 
color filters in the form of horizontal RGB stripes or 
light emitting sections in the form of horizontal RGB 
stripes, and 

disposing the light emitting sections of the pri- 
mary colors on said light source means and the sub- 
pixels of the primary colors of said image display 
device such that the light emitting section and the 
sub-pixel of the same primary color are in the opti- 
cally conjugate relationship with each other, 

any cross talk between parallax images re- 
sulting from a working error or an aberration is sup- 
pressed. 

[1 6] A 3-D image displaying method as stated in par. 
[1], par. [2], par. [3], par. [4], par. [5], par. [6], par. 
[7], par. [8], par. [9], par. [10], par. [11], par. [12], par. 
[1 3], or par. [14], wherein the light source means for 
the primary colors of RGB are disposed such that 
the light emitting units for the different primary 
colors are not overlapped one upon another, 

the light source means for the primary colors 
are caused to blink in turn such that they are not 
lighted simultaneously; in synchronization with 
such sequential blinking, the images corresponding 
to the primary colors are displayed in turn on said 
transmission type image display device, and the 
persistence effect allows the observer to observe a 
full color 3-D image which is as a result of synthe- 
sizing the 3-D images of the RGB primary colors. 
[17] A 3-D image displaying method for displaying, 
toward a prescribed observing region, a stereo- 
scopic image giving only horizontal parallaxes and 
no vertical ones, by means of a linear light source 
array in which linear light sources extending in the 
vertical direction are arranged in the horizontal di- 
rection with a prescribed spacing; and a transmis- 
sion type image display device which is located 
closer to the observer than said linear light source 
array, and displays a synthetic image in the form of 
vertical stripes that is as a result of the parallax im- 
ages which number corresponds to that of parallax 
directions being decomposed into vertical stripes, 
and the vertical stripes being alternately arranged 
in the prescribed order to be synthesized into one 
image, wherein 

by configuring each of said linear light sources 
by cyclically arranging the light emitting sections of 
the three primary colors of RGB in the vertical di- 
rection, 

constructing each pixel of said image display 
device with sub-pixels in the form of horizontal RGB 
stripes, 

disposing a horizontal cylindrical lens array 
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having a generator in the horizontal direction be- 
tween said linear light source array and said image 
display device, and 

disposing the light emitting sections of the pri- 
mary colors of said linear light source array and the 
sub-pixels of the primary colors of said image dis- 
play device such that the light emitting section and 
the sub-pixel of the same primary color are in the 
optically conjugate relationship with each other, the 
utilization efficiency for the light emitted from said 
linear light source array is increased. 
[1 8] A 3-D image displaying method as stated in par. 

[I] , par. [2], par. [3], par. [4], par. [5], par. [6], par. 
[7], or par. [8], wherein an image formation optical 
system in which, instead of using said horizontal cy- 
lindrical lens array, optical units which vertical and 
horizontal sections provide different lens functions 
are arranged in the form of a matrix is provided; by 
the lens functions of said image formation optical 
system, the image of said respective unit light emit- 
ting blocks is formed on the display surface of said 
image display device in the vertical section; and in 
the horizontal section, the image of said respective 
unit light emitting blocks is formed in the vicinity of 
the display surface of said image display device on 
the light source side or on the observer side. 

[1 9] A 3-D image displaying method as stated in par. 
[18], wherein said image formation optical system 
comprises a combination of a vertical cylindrical 
lens array composed of cylindrical lenses having a 
generator in the vertical direction, with a horizontal 
cylindrical lens array composed of cylindrical lenses 
having a generator in the horizontal direction, 

or comprises a combination of a fly's eye lens 
plate with said vertical cylindrical lens array or said 
horizontal cylindrical lens array, 

or comprises a toric lens array. 
[20] A 3-D image display unit, wherein the method 
as stated in par. [1], par. [2], par. [3], par. [4], par. 
[5], par. [6], par. [7], par. [8], par. [9], par. [10], par. 

[II] , par. [12], par. [13], par. [14], par. [15], par. [16], 
par. [17], par. [18], or par. [19] is used. 

[0014] Said present invention functions as follows. 
[0015] Assuming that the number of parallax direc- 
tions is p, and q and r are integers of 2 or greater that 
meet a relational expression, p = q x r, the light source 
means provides a configuration in which a plurality of 
unit light emitting blocks are arranged in the form of a 
matrix, each having light emitting units each disposed 
in respective q partial regions belonging to mutually dif- 
ferent rows and mutually different columns of a matrix 
of q rows and q columns. For example, each unit light 
emitting block is configured such that a light emitting unit 
is disposed in the first row, first column, the second row, 
third column, and the third row, second column of a ma- 
trix of 3 rows and 3 columns, respectively, and the unit 
light emitting blocks are further arranged in the form of 



a matrix. 

[0016] In a position closer to the observer than this 
light source means, a horizontal cylindrical lens array 
having a generator in the horizontal direction is dis- 

5 posed, and in a position still closer to the observer, a 
transmission type image display device is disposed. 
[0017] On the transmission type image display de- 
vice, a synthetic image as a result of synthesizing par- 
allax images which number corresponds to that of par- 

10 allax directions is displayed. The synthetic image is con- 
figured by arranging, in a matrix, unit display blocks in 
which p pixels in total are disposed in the form of a matrix 
of q rows and r columns in the prescribed order, each 
pixel being taken one by one from approximately the 

15 same portions of p parallax image screens giving differ- 
ent parallaxes. 

[0018] There are q types of unit display block that are 
different in arrangement pattern of p pixels, and the syn- 
thetic image is formed by arranging these q types of unit 

20 display block such that the p pixels giving different par- 
allaxes, i.e., the p pixels belonging to different parallax 
images are repetitively disposed in the respective rows 
of the synthetic image in the definite order according to 
the parallax directions (the order of arrangement of the 

25 parallax images to be displayed in the observing region). 
For example, let's assume that the number of parallax 
directions is 9, and first to ninth parallax image screens 
for use in moving the point of sight from left to right are 
to be synthesized. In this case, first to ninth parallax re- 

30 gions in the form of vertical stripes are formed from left 
to right in the observing region. In the respective rows 
of the synthetic image, the pixel taken out from the first 
parallax image screen, the pixel taken out from the sec- 
ond parallax image screen, the pixel taken out from the 

35 third parallax image screen and the pixel taken out 

from the ninth parallax image screen are arranged such 
that they are repetitively disposed in this order. 
[0019] On the other hand, in the respective unit dis- 
play blocks, 9 pixels are disposed in the form of a matrix, 

40 each pixel being taken one by one from approximately 
the same portions of the first to ninth parallax image 
screens. Assuming that the unit display block is of 3 
rows and 3 columns, a first type of unit display block in 
which the pixels of the first, second, and third parallax 

45 image screens are disposed in this order in the first row; 
the pixels of the fourth, fifth and sixth parallax image 
screens are disposed in this order in the second row; 
and the pixels of the seventh, eighth, and ninth parallax 
image screens are disposed in this order in the third row; 

50 a second type of unit display block in which the pixels 
of the fourth, fifth and sixth parallax image screens are 
disposed in this order in the first row; the pixels of the 
seventh, eighth, and ninth parallax image screens are 
disposed in this order in the second row; and the pixels 

55 of the first, second, and third parallax image screens are 
disposed in this order in the third row; and a third type 
of unit display block in which the pixels of the seventh, 
eighth, and ninth parallax image screens are disposed 
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in this order in the first row; the pixels of the first, second, 
and third parallax image screens are disposed in this 
order in the second row; and the pixels of the fourth, fifth 
and sixth parallax image screens are disposed in this 
order in the third row are created. 
[0020] Then, the first type, the second type and the 
third type of unit display block are horizontally and re- 
petitively arranged in this order for formation of a syn- 
thetic image of three rows, which is then vertically and 
repetitively arranged for obtaining a synthetic image 
having the arrangement as stated above. 
[0021] The system is constructed such that a light flux 
radially projected from one point on the light emitting unit 
in the unit light emitting block passes through the display 
surface of the image display device, being expanded to 
a breadth of at least p pixels in the horizontal section, 
and the flux which has passed through the display sur- 
face, being expanded to a breadth of at least p pixels, 
reaches the observing region, being expanded from the 
left end to the right end thereof. By doing this, the light 
flux which has passed through the p pixels consecutive- 
ly arranged in a particular row of the synthetic image is 
expanded such that the light beams are arranged in the 
order of arrangement of the pixels from the left end to 
the right end of the observing region. 
[0022] Such light flux may pass through the display 
surface of the image display device, being expanded to 
a breadth involving p pixels rather than being expanded 
to a breadth of p pixels of the display surface. In addition, 
the light flux which has passed through the display sur- 
face, being expanded to the breadth of p pixels or a 
breadth involving p pixels may reach the observing re- 
gion, being expanded from the left side to the right side 
of the observing region rather than being expanded 
strictly from the left end to the right end thereof. In this 
case, however, the image will be blurred at the right and 
left ends of the observing region. 
[0023] A light flux radially projected from one point on 
the light emitting unit in the unit light emitting block is 
roughly focused every (n x q) pixels (where n is an in- 
teger of 1 or greater) on the display surface of the image 
display device by the lens function of the horizontal cy- 
lindrical lens array in the vertical section, and after pass- 
ing through the image display device, it is diffused in the 
vertical plane. Herein, the light source means is config- 
ured such that a plurality of unit light emitting blocks are 
arranged in the form of a matrix, each having light emit- 
ting units each disposed in respective q partial regions 
belonging to mutually different rows and mutually differ- 
ent columns of a matrix of q rows and q columns. Con- 
sequently, the light which passes through the respective 
rows of a particular unit display block comes from the 
light emitting units belonging to mutually different rows 
in the unit light emitting block on the light source means, 
therefore, the light which passes through the respective 
rows of a particular unit display block comes from the 
light emitting units belonging to mutually different col- 
umns. Therefore, the directivity of the light which passes 



through the same column of the unit display block var- 
ies, depending upon the row of the unit display block. 
[0024] For example, the light which has passed 
through a unit display block in which the pixels of the 

s first, second, and third parallax image screens are dis- 
posed in the first row in this order; the pixels of the fourth, 
fifth, and sixth parallax image screens are disposed in 
the second row in this order; and the pixels of the sev- 
enth, eighth, and ninth parallax image screens are dis- 

10 posed in the third row in this order; varies in horizontal 
directivity, depending upon the row, and the light for 
each particular row is radially expanded after having 
passed through the pixels, therefore, the light which has 
passed through the nine pixels included in one unit dis- 

15 play block is assigned to the observing region from the 
left end to the right end thereof. In addition, the light after 
having passed through the respective pixels is diffused 
in the vertical plane, thus, an observing region where a 
different horizontal parallax image is observed in each 

20 of vertical zones which are adjacent to one another is 
formed. 

[0025] Thus, p pixels which have been taken one by 
one from approximately the same portions of p parallax 
image screens are disposed in a matrix, while these pix- 

25 els are assigned to the parallax regions from the left end 
to the right end in the observing region, therefore, unlike 
the system in which the pixels which number corre- 
sponds to that of parallax directions and which are from 
approximately the same portion are horizontally ar- 

30 ranged, no extreme unbalance of the pixel densities in 
the vertical and horizontal directions is caused, which 
allows a high-resolution stereoscopic image to be dis- 
played. In addition, only with the light source, the hori- 
zontal cylindrical lens array, and the image display de- 

35 vice, a stereoscopic image can be displayed, therefore, 
the configuration of the system is extremely simplified, 
and features of easy manufacture and low cost can be 
provided. 

[0026] If the relational expressions, q a 2, r a 1, and 

40 p = q x r are met, the above-mentioned stereoscopic 
display can also be performed. For example, if q = 2, 
and r = 1 , a unit light emitting block in which a light emit- 
ting unit is disposed in the first row, first column, and the 
second row, second column in the region of a matrix of 

45 2 row and 2 columns can be provided. In this case, the 
unit display block is of a matrix of 2 rows and 1 column, 
and assuming that the pixel taken out from the first par- 
allax image is p1 , and the pixel taken out from the sec- 
ond parallax image is p2, a unit display block in which 

50 pixels are vertically arranged in the order of p2 and p1 , 
and a unit display block in which pixels are vertically ar- 
ranged in the order of p1 and p2 are alternately dis- 
posed. By doing this, stereoscopic display with a 
number of parallax directions of 2 can be performed. 

55 [0027] The optical system is established such that, if 
the vertical dimension and the horizontal dimension of 
the unit light emitting block are Vs and Hs, respectively; 
the vertical dimension and the horizontal dimension of 
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the unit display block are Vd and Hd, respectively; the 
pitch for the horizontal cylindrical lens array is Vc; the 
distance between the light source means and the hori- 
zontal cylindrical lens array is L1 ; the distance between 
the horizontal cylindrical lens array and the display sur- 
face of the image display device is L2; the distance be- 
tween the display surface of the image display device 
and a prescribed observing location is L3; and the focal 
length for the horizontal cylindrical lens array in the ver- 
tical section is fv, the following relational expressions are 
met: 

1/fv = 1/L1 + 1/L2 



Vs : Vd = L1 : L2 



Vs : Vd = (L1 + L2 + L3) : L3 



Vs : 2(Vc/n) = (L1 + L2 + L3) : (L2 + L3), 

and 

Hs : (q x Hd) = (L1+ L2 + L3) : L3. 

If the optical system meets these relational expressions, 
a good stereoscopic image can be observed in the as- 
sumed observing region. 

[0028] Simply by establishing the optical system such 
that the following relational expressions are met, a good 
stereoscopic image can be observed: 

1/fv = 1/L1 + 1/L2 



Vs : Vd = L1 : L2 



n/Vc= 1/Vs+ 1/Vd 

and 

Hs : (q x Hd) = (L1 + L2 + L3) : L3. 

Herein, the distance between optical reference point 
and plane is that which is calculated on the assumption 
that the medium between such point and plane is air. 
[0029] As a horizontal cylindrical lens array, a pair of 
electrode-equipped transparent substrates between 
which a liquid crystal layer is disposed is used. On the 
electrode-equipped transparent substrate of at least 
one of the pair of electrode-equipped transparent sub- 



strates, a linear electrode array consisting of a plurality 
of linear electrodes which extend in the horizontal direc- 
tion, and are arranged in the vertical direction at a pre- 
scribed interval is formed. On the other transparent sub- 

5 strate, a linear electrode array may be formed such that 
the electrodes formed on both substrates are opposed 
to each other, or a surface electrode may be formed. 
And, by applying a prescribed potential across the elec- 
trodes of the pair of electrode-equipped transparent 

io substrates, the liquid crystal layer is provided with a lens 
function. 

[0030] If a non-uniform electric field is applied to the 
liquid crystal layer, the index of refraction of the liquid 
crystal layer is changed in accordance with the differ- 

t5 ence in electric field strength. Therefore, if the linear 
electrodes formed on one substrate are opposed to 
those on the other substrate, or a surface electrode is 
formed on the other substrate to provide a mirror image 
of the linear electrodes, the liquid crystal layer can be 

20 caused to function as a horizontal cylindrical lens array 
by applying a voltage. 

[0031] Thus, a pair of electrode-equipped transparent 
substrates between which a liquid crystal layer is dis- 
posed is caused to function as a horizontal cylindrical 
25 lens array, therefore, a horizontal cylindrical lens array 
which meets a close tolerance for lens pitch can be ob- 
tained with extreme ease, and variation in preferred 
viewing distance, cross talk, and the like can be sup- 
pressed. 

30 [0032] With the system which has a diffusibility control 
means for selecting from the two conditions, i.e., the 
transmission condition and the diffusion one, being lo- 
cated between the light source means and the vicinity 
of the display surface of the image display device on the 

35 observer side, and selects one of the two conditions of 
the diffusibility control means for switchover from the 
3-D image display to the 2-D one or vice versa, while 
the light source means is lighted, either of the 3-D image 
display and the 2-D one, which uses the full resolution 

<o of the display device, can be easily and inexpensively 
selected. 

[0033] For example, as a horizontal cylindrical lens ar- 
ray, a pair of electrode-equipped transparent substrates 
between which a liquid crystal layer and a high-polymer 

45 dispersion type liquid crystal layer are laminated is dis- 
posed is used. Electrodes formed on the transparent 
substrate of the pair of electrode-equipped transparent 
substrates that is contacted with the liquid crystal layer 
provide a linear electrode array consisting of a plurality 

so of linear electrodes which extend in the horizontal direc- 
tion and are arranged in the vertical direction at a pre- 
scribed interval, and an electrode formed on the other 
transparent substrate which is contacted with the high- 
polymer dispersion type liquid crystal layer provides a 

55 transparent surface electrode. 

[0034] When displaying a 3-D image, a voltage is ap- 
plied across the linear electrode and the transparent 
surface electrode for providing a lens function for the 
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liquid crystal layer and making the high-polymer disper- 
sion type liquid crystal layer transparent. On the other 
hand, when displaying a 2-D image, no voltage is ap- 
plied across the linear electrode and the transparent 
surface electrode for providing the high-polymer disper- 5 
sion type liquid crystal layer with a function to diffuse the 
light. 

[0035] The high-polymer dispersion type liquid crystal 
is a liquid crystal in which liquid crystal particles are dis- 
persed in a high polymer, thus, when a voltage is not io 
applied, the difference in index of refraction between the 
liquid crystal and the high polymer causes light scatter- 
ing. Therefore, by applying no voltage, the light from the 
light source means can be diffused, and thus a 2-D im- 
age can be displayed. On the other hand, when a volt- « 
age is applied to change the index of refraction of the 
liquid crystal such that the liquid crystal has the same 
index of refraction as that of the high polymer, the high- 
polymer dispersion type liquid crystal layer is made 
transparent. With the high-polymer dispersion type liq- 20 
uid crystal layer being made transparent, the crystal lay- 
er functions as a horizontal cylindrical lens array on the 
application of the voltage, and thus can display a 3-D 
image. 

[0036] Thus, because the function as a horizontal cy- 25 
lindrical lens array and that as a diffusibility control 
means are both provided, the configuration is more sim- 
plified, which allows the size to be reduced. Further, sim- 
ply by applying or removing the voltage, the function as 
a horizontal cylindrical lens array and that as a diffuser 30 
can be switched over from one to the other, thus the im- 
age display can be easily changed over from 2-D to 3-D 
or vice versa. 

[0037] Alternately, if the voltage is applied only across 
a part of the linear electrodes and the transparent sur- 35 
face electrode, the 2-D image display and the 3-D image 
display can be intermixed. For example, if the voltage is 
applied to only the upper half of the linear electrodes, 
3-D image display is performed by the upper half, while 
the lower half allows a 2-D image to be displayed. to 
[0038] A prescribed sub light source is disposed in a 
portion of the unit light emitting block where the light 
emitting unit is not disposed, such that the diffused light 
can be basically uniformly emitted from the region in the 
form of a matrix of q rows and q columns. When display- 45 
ing a 3-D image, only the light emitting unit is lighted, 
and when displaying a 2-D image, the sub light source 
is lighted such that the light is radially projected from the 
entire region of the unit light emitting block basically uni- 
formly. In other words, when the sub light source is light- 50 
ed, the light is irradiated into the respective pixels from 
various directions, thus, the light projected from the re- 
spective pixels and directed toward the observing region 
has no particular directivity, resulting in a 2-D image be- 
ing displayed. 55 
[0039] With the system in which the light source 
means is composed of a mask substrate having an 
opening in the location corresponding to the light emit- 
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ting unit, and a planar light source which irradiates the 
mask substrate from the back thereof, or each light emit- 
ting unit is composed of self-luminous type light emitting 
sections, the thickness of the light source can be re- 
duced. 

[0040] Further, with the system in which the light 
source means is composed of a transmission type light 
source display device and a planar light source which 
illuminates this light source display device from the 
back, displaying a mask pattern which has openings on- 
ly in the locations corresponding to the light emitting 
units on the light source display device causes the pla- 
nar light source to function as the light emitting units, 
and thus serve as a light source for displaying a 3-D im- 
age. On the other hand, if the mask pattern to be dis- 
played on the light source display device is set such that 
the diffused light is basically uniformly projected from 
the entire region of the unit light emitting block, the pla- 
nar light source can also function as the sub light sourc- 
es, and thus serve as a light source for displaying a 2-D 
image. The sub light source may be composed of self- 
luminous type light emitting sections as with the light 
emitting unit. 

[0041] Alternately, by lighting only a part of the sub 
light sources, the 2-D image display and the 3-D image 
display can be intermixed. For example, if the light for 
2-D image display is applied to the upper half of the im- 
age display device, while the lower half is subjected to 
the light flux for 3-D image display from only the light 
emitting units, the upper half can display a 2-D image, 
while the lower half can display a 3-D image. 
[0042] With the system in which each pixel of the im- 
age display device is constructed with sub-pixels in the 
form of horizontal RGB stripes, the deviation in color bal- 
ance for each pixel due to the difference in viewing angle 
is suppressed. Further, with the system in which, for 
each light emitting unit on the light source means, color 
filters in the form of horizontal RGB stripes are provided 
or each light emitting unit is composed of light emitting 
sections in the form of horizontal RGB stripes such that 
the same primary colors are disposed in the positions 
which are optically conjugate with the RGB horizontal 
stripes in the image display device, any cross talk be- 
tween parallax images resulting from a working error or 
an aberration can be suppressed. 
[0043] More particularly, if the light from a certain light 
emitting unit reaches a row above or below adjacent to 
that to be reached in the image display device, a cross 
talk or the like can be caused, however, the light passed 
through the color filters of red (R), green (G), and blue 
(B) is applied, thus, for each particular color, the light 
irradiated into an adjacent sub pixel cannot be transmit- 
ted due to the difference in color. In other words, so long 
as the light is not deviated so greatly as to reach the 
same color sub-pixel in the adjacent row, no cross talk 
will be produced, and a sharp stereoscopic image can 
be displayed. 

[0044] With the system in which the light emitting sec- 
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tions of the primary colors of RGB and the sub-pixels in 
the form of horizontal stripes of RGB constituting the re- 
spective pixels in the image display device are disposed 
in the optically conjugate relationship through the hori- 
zontal cylindrical array, almost all of the light projected 5 
from the light emitting section of a particular primary 
color is passed through the sub-pixel of the same pri- 
mary color, thus, when compared to the system which 
uses a white light source, the light utilization efficiency 
can be substantially increased. w 
[0045] Further, with the system in which, on the light 
source means for the primary colors of RGB, the light 
emitting units for the different primary colors are dis- 
posed such that they are not overlapped one upon an- 
other; the light source means for the primary colors are « 
caused to blink in turn such that they are not lighted si- 
multaneously; and in synchronization with such sequen- 
tial blinking, the images corresponding to the primary 
colors are displayed in turn on the transmission type im- 
age display device, the persistence effect allows the ob- 20 
server to observe a full color 3-D image which is as a 
result of synthesizing the 3-D images of the RGB prima- 
ry colors. 

[0046] Thus, the R, G, and B colors are displayed by 
time sharing with a single pixel, therefore, compared to 25 
the system in which each pixel is divided into three sub- 
pixels of RGB, the pixel density can be tripled. Further, 
there is no need for dividing one light emitting unit into 
light emitting sections of RGB, thus, the light emitting 
energy pertime x area can be decreased bythe amount 30 
corresponding to the increase in the area of the light 
emitting unit that can be provided for each color, which 
results in the service life of the light emitting device be- 
ing prolonged. 

[0047] Alternately, instead of using a horizontal cylin- 35 
drical lens array, optical units which vertical and hori- 
zontal sections provide different lens functions are ar- 
ranged in the form of a matrix to configure an image for- 
mation optical system, and by the lens functions of this 
image formation optical system, the image of the re- 40 
spective unit light emitting blocks is formed on the dis- 
play surface of the image display device in the vertical 
section, while, In the horizontal section, the image of the 
respective unit light emitting blocks is formed in the vi- 
cinity of the display surface of the image display device « 
on the light source side or on the observer side. 
[0048] By doing this, the light source means can be 
composed of light emitting units which number is sub- 
stantially small, as compared to the number of pixels for 
the image display device, which allows using an LED 50 
with excellent characteristics of brightness, color devel- 
opment, and durability as the light emitting unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0049] 

FIG. 1 is a perspective view showing a 3-D image 



display unit according to a first embodiment of the 
present invention; 

FIG. 2 is a front view showing a light source means 
which the 3-D image display unit according to the 
first embodiment of the present invention compris- 

FIG. 3 is an explanatory drawing showing a horizon- 
tal lens array which the 3-D image display unit ac- 
cording to the first embodiment of the present in- 
vention comprises; 

FIG. 4 is an explanatory drawing showing an exam- 
ple of arrangement of synthetic images that is used 
by the 3-D image display unit according to the first 
embodiment of the present invention when the 
number of parallax directions is 9; 
FIG. 5 is an explanatory drawing showing an exam- 
ple of arrangement of synthetic images that is used 
by the 3-D image display unit according to the first 
embodiment of the present invention when the 
number of parallax directions is 8; 
FIG. 6 is an explanatory drawing showing the path 
of light in a particular horizontal section for the 3-D 
'image display unit according to the first embodi- 
ment of the present invention; 
FIG. 7 is an explanatory drawing showing the path 
of light in a particular vertical section for the 3-D im- 
age display unit according to the first embodiment 
of the present invention; 

FIG. 8 is an explanatory drawing showing the path 
of light projected from unit light emitting blocks 
which the 3-D image display unit according to the 
first embodiment of the present invention compris- 
es; 

FIG. 9 is an explanatory drawing showing the con- 
dition when the observing region formed ahead of 
the 3-D image display unit according to the first em- 
bodiment of the present invention is viewed from 
above; 

FIG. 10 is an explanatory drawing showing the con- 
dition when the observing region formed ahead of 
the 3-D image display unit according to the first em- 
bodiment of the present invention is viewed from 
side; 

FIG. 11 (A), FIG. 11 (B),and FIG. 11 (C) are explan- 
atory drawings for comparison of synthesizing four 
original pictures produced by viewing an object from 
four different points of sight taken by moving in the 
horizontal direction, into a synthetic image of 4 in 
number of parallax directions by the pixel arrange- 
ment in the form of vertical stripes, which is suited 
for the conventional lenticular system, with synthe- 
sizing them into a synthetic image of 4 in number of 
parallax directions by the pixel arrangement in the 
form of a matrix, which is suited for the system ac- 
cording to the present invention; 
FIG. 12 (A), FIG. 12 (B), and FIG. 12 (C) are ex- 
planatory drawings for comparison of displaying 
four original pictures of 4 (vertical) x 4 (horizontal) 
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pixels in the region of 8 (vertical) x 8 (horizontal) 
pixels by the pixel arrangement in the form of verti- 
cal stripes, which is suited for the lenticular system, 
with displaying by the pixel arrangement in the form 
of a matrix, which is suited for the system according 5 
to the present invention; 

FIG. 13 is an explanatory drawing showing the re- 
lationship between the coarseness of the pixels and 
the depth information density. 

FIG. 14 is an explanatory drawing showing the volt- *o 
age applied state of a liquid crystal cylindrical lens 
array which is used in a 3-D image display unit ac- 
cording to a second embodiment of the present in- 
vention; 

FIG. 15 is an explanatory drawing showing the volt- '5 
age removed state of a liquid crystal cylindrical lens 
array which is used in a 3-D image display unit ac- 
cording to a second embodiment of the present in- 
vention; 

FIG. 1 6 is an explanatory drawing showing the path 20 
of light when 3-D image display is performed with 
the 3-D image display unit according to the second 
embodiment of the present invention; 
FIG. 1 7 is an explanatory drawing showing the path 
of light when 2-D image display is performed with 25 
the 3-D image display unit according to the second 
embodiment of the present invention; 
FIG. 18 is an explanatory drawing showing the main 
portions of a 3-D image display unit according to a 
fourth embodiment of the present invention; so 
FIG. 19 is an explanatory drawing showing the main 
portions of a 3-D image display unit according to a 
fifth embodiment of the present invention; 
FIG. 20 is an explanatory drawing showing an ex- 
ample of 3-D image display unit employing a vertical 35 
stripe type light source which has been convention- 
ally used; 

FIG. 21 (A), FIG. 21 (B), FIG. 21 (C), and FIG. 21 
(D) are explanatory drawings showing various hor- 
izontal cylindrical lens arrays which are different in *o 
pitch, and with which the light emitting unit and the 
pixel are in the prescribed conjugate relationship; 
FIG. 22 (A), FIG. 22 (B), and FIG. 22 (C) are ex- 
planatory drawings showing the main portions of a 
3-D image display unit according to a sixth embod- « 
iment of the present invention; 
FIG. 23 (A), FIG. 23 (B), FIG. 23 (C), and FIG. 23 
(D) are explanatory drawings showing various ex- 
amples of light source means which is used in the 
3-D image display unit according to the sixth em- so 
bodiment of the present invention, the examples be- 
ing different from one another in disposition of the 
primary colors; 

FIG. 24 is an explanatory drawing showing the path 
of light in the vertical section of a 3-D image display 55 
unit according to a seventh embodiment of the 
present invention; 

FIG. 25 is an explanatory drawing showing the path 



of light in the horizontal section of the 3-D image 
display unit according to the seventh embodiment 
of the present invention, when the image of the re- 
spective unit light emitting blocks is formed in the 
vicinity of the display surface of the image display 
device on the light source side; 
FIG. 26 is an explanatory drawing showing the path 
of light in the horizontal section of the 3-D image 
display unit according to the seventh embodiment 
of the present invention, when the image of the re- 
spective unit light emitting blocks is formed in the 
vicinity of the display surface of the image display 
device on the observer side; 
FIG. 27 (A) and FIG. 27 (B) are explanatory draw- 
ings showing the arrangement state of the images 
and that of the light source means corresponding to 
it when the unit display block is of 2 rows and 1 col- 

FIG. 28 (A) and FIG. 28 (B) are explanatory draw- 
ings showing the arrangement state of the images 
and that of the light source means corresponding to 
it when the unit display block is of 2 rows and 2 col- 
umns; 

FIG. 29 is an explanatory drawing showing an ex- 
ample of case in which a light flux radially projected 
from the light emitting unit in the unit light emitting 
block passes through the display surface of the im- 
age display device, being expanded to a breadth 
covering p pixels in the horizontal section; 
FIG. 30 is an explanatory drawing showing the re- 
lationship among Vs, Vd, and VcO with one another; 
and 

FIG. 31 (A), FIG. 31 (B), and FIG. 31 (C) are ex- 
planatory drawings showing various examples of 
image formation optical system which is used in the 
3-D image display unit according to the seventh em- 
bodiment of the present invention. 

BEST MODES FOR CARRYING OUTTHE INVENTION 

[0050] Hereinbelow, various embodiments of the 
present invention will be described with reference to the 
drawings. 

J0051] FIG. 1 shows a schematic configuration of a 
3-D image display unit 100 according to a first embodi- 
ment of the present invention. As shown in FIG. 1, the 
3-D image display unit 100 comprises a light source 
means 200, a horizontal cylindrical lens array 300, and 
an image display device 400. 

[0052] As shown in FIG. 2, the light source means 200 
comprises a plurality of unit light emitting blocks 210 ar- 
ranged in the form of a matrix, each having light emitting 
units 211 each disposed in respective 3 partial regions 
belonging to mutually different rows and mutually differ- 
ent columns of a matrix of 3 rows and 3 columns (a re- 
gion with a vertical dimension of Vs and a horizontal di- 
mension of Hs). 

[0053] Assuming that the number of parallax direc- 
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tions for an image formed in the observing region is p, 
and q and r are integers of 2 or greater that meet a re- 
lational expression, p = q x r, the unit light emitting block 
210 provides a matrix of q rows and q columns, and the 
light emitting unit 211 is disposed in each of the q partial 5 
regions. As shown in FIG. 1 , the light source means 200 
is composed of a mask substrate 201 having an opening 
in the location corresponding to the light emitting unit 
211, and a planar light source 202 which irradiates the 
mask substrate 201 from the back thereof. *o 
[0054] The horizontal cylindrical lens array 300 has a 
generator in the horizontal direction, the pitch for the 
horizontal cylindrical lenses being Vc. In FIG. 3, an ex- 
ample of one- side convex horizontal cylindrical lens ar- 
ray 300b is shown. The horizontal cylindrical lens array »5 
may be either both-side convex as shown in FIG. 1 or 
one-side convex as shown in FIG. 3. 
[0055] The image display device 400 is a display de- 
vice in which pixels are disposed horizontally and verti- 
cally in the form of a matrix. On the image display device 20 
400 is displayed a synthetic image as a result of synthe- 
sizing parallax images which number corresponds to 
that of parallax directions. In the synthetic image, par- 
allax images which number corresponds to that of par- 
allax directions are synthesized by arranging a plurality 25 
of unit display blocks 410 in which p pixels in total are 
disposed in the form of a matrix of q rows and r columns 
in the prescribed order, each pixel being taken one by 
one from approximately the same portions of p parallax 
image screens giving different parallaxes. There are q 30 
types of unit display block 410 that are different in ar- 
rangement pattern of p pixels corresponding to the 
number of parallax directions, and by appropriately 
combining these, the p pixels giving different parallaxes 
are disposed in the respective rows of the synthesizing 35 
screen such that they are repetitively arranged in the 
definite order according to the parallax directions (in the 
order of arrangement of the parallax images to be dis- 
played in the observing region). 

[0056] FIG. 4 shows an example of arrangement of *o 
synthetic images when the number of parallax direc- 
tions, p, is 9, and q = r = 3. In FIG. 4, synthesis is per- 
formed over a range from a first parallax image screen 
which can be viewed when the point of sight is taken at 
the left end of the observing region, to a ninth parallax « 
image screen which can be viewed when the point of 
sight is taken at the right end of the observing region, 
and the numbers of 1 to 9 in the figure each indicate 
which screen of the first to ninth parallax image screens 
the pertinent pixel is taken out from. 50 
[0057] In each unit display block 410, nine pixels in 
total, which are each taken out one by one from approx- 
imately the same portions of the first to ninth parallax 
image screens, are disposed in the form of a matrix of 
3 rows and 3 columns. There are q types of unit display 55 
block 410 that are different from each other in pattern of 
arrangement of p pixels corresponding to the number of 
parallax directions. In the example as shown in FIG. 4, 



q = 3, therefore, there are three different types of ar- 
rangement pattern; a first type of unit display block 41 0a, 
a second type of unit display block 41 0b, and a third type 
of unit display block 410c. 

[0058] With the first type of unit display block 410a, 
the pixels of the first, second, and third parallax image 
screens are disposed in this order in the first row; the 
pixels of the fourth, fifth and sixth parallax image 
screens are disposed in this order in the second row; 
and the pixels of the seventh, eighth, and ninth parallax 
image screens are disposed in this order in the third row. 
With the second type of unit display block 41 0b, the pix- 
els of the fourth, fifth and sixth parallax image screens 
are disposed in this order in the first row; the pixels of 
the seventh, eighth, and ninth parallax image screens 
are disposed in this order in the second row; and the 
pixels of the first, second, and third parallax image 
screens are disposed in this order in the third row. With 
the third type of unit display block 41 0c, the pixels of the 
seventh, eighth, and ninth parallax image screens are 
disposed in this order in the first row; the pixels of the 
first, second, and third parallax image screens are dis- 
posed in this order in the second row; and the pixels of 
the fourth, fifth and sixth parallax image screens are dis- 
posed in this order in the third row. 
[0059] A horizontal arrangement of the first type of 
unit display block 410a, the second type of unit display 
block 410b, and the third type of unit display block 410c 
is considered to be one set, and by repetitively disposing 
this set horizontally and vertically, pixels are disposed 
in each row of the synthetic image such that they are 
arranged in the order of the pixels taken out from the 
first parallax image screen, the pixels taken out from the 

second parallax image screen, the pixels taken out 

from the ninth parallax image screen. In other words, in 
FIG. 4, the numeric characters 1 to 9 are arranged in 
this order from left to right facing the figure in each row 
of the synthetic image. 

[0060] FIG. 5 shows an example of pixel arrangement 
when the number of parallax directions, p, is 8, q = 4 
and r = 2. In FIG. 5, synthesis is performed over a range 
from a first parallax image screen which can be viewed 
when the point of sight is taken at the left end of the 
observing region, to an eighth parallax image screen 
which can be viewed when the point of sight is taken at 
the right end of the observing region, and the numbers 
of 1 to 8 in the figure each indicate the number of the 
parallax image screen which contains the pertinent pix- 
el. 

[0061] In each unit display block 510, eight pixels in 
total, which are each taken out one by one from approx- 
imately the same portions of the first to eighth parallax 
image screens, are disposed in the form of a matrix of 
4 rows and 2 columns. In the example as shown in FIG. 
5, q = 4, therefore, there are four different types of pixel 
arrangement; a first type of unit display block 510a, a 
second type of unit display block 510b, a third type of 
unit display block 51 0c, and a fourth type of unit display 
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block 51 Od. 

[0062] With the first type of unit display block 510a, 
the pixels of the first and second parallax image screens 
are disposed in this order in the first row; the pixels of 
the third and fourth parallax image screens are disposed 5 
in this order in the second row; the pixels of the fifth and 
sixth parallax image screens are disposed in this order 
in the third row; and the pixels of the seventh and eighth 
parallax image screens are disposed in this order in the 
fourth row. With the second type of unit display block 10 
510b, the third and fourth pixels of the parallax image 
screens are disposed in this order in the first row; the 
fifth and sixth pixels of the parallax image screens are 
disposed in this order in the second row; the seventh 
and eighth pixels of the parallax image screens are dis- « 
posed in this order in the third row; and the first and sec- 
ond pixels of the parallax image screens are disposed 
in this order in the first row. 

[0063] With the third type of unit display block 510c, 
the fifth and sixth pixels of the parallax image screens 20 
are disposed in this order in the first row; the seventh 
and eighth pixels of the parallax image screens are dis- 
posed in this order in the second row; the first and sec- 
ond pixels of the parallax image screens are disposed 
in this order in the third row; and the third and fourth 25 
pixels of the parallax image screens are disposed in this 
order in the fourth row. With the fourth type of unit display 
block 51 Od, the seventh and eighth pixels of the parallax 
image screens are disposed in this order in the first row; 
the first and second pixels of the parallax image screens 30 
are disposed in this order in the second row; the third 
and fourth pixels of the parallax image screens are dis- 
posed in this order in the third row; and the fifth and sixth 
pixels of the parallax image screens are disposed in this 
order in the fourth row. 35 
[0064] A horizontal arrangement of the first type of 
unit display block 51 0a, the second type of unit display 
block 51 0b, the third type of unit display block 51 0c, and 
the fourth type of unit display block 51 Od is considered 
to be one set, and by repetitively disposing this set hor- *o 
izontally and vertically, pixels are disposed in each row 
of the synthetic image such that they are arranged in the 
order of the pixels taken out from the first parallax image 
screen, the pixels taken out from the second parallax 

image screen the pixels taken out from the eighth 45 

parallax image screen. 

[0065] FIG. 6 shows the light paths in a particular hor- 
izontal section. A light flux radially projected from one 
point on the light emitting unit 211 in the unit light emit- 
ting block 21 0 passes through the display surface of the so 
image display device 400, being expanded to a breadth 
of at least p pixels (pixels corresponding to the number 
of parallax directions) in the horizontal section. The light . 
flux may be expanded to a breadth larger than this, if 
there are pixels which number is greater than that of par- 55 
allax directions. 

[0066] On the other hand, as shown in FIG. 7, a light 
flux radially projected from one point on the light emitting 
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unit 211 in the unit light emitting block 210 is roughly 
focused every (n x q) pixels (where n is an integer of 1 
or greater) on the display surface of the image display 
device 400 by the lens function of the horizontal cylin- 
drical lens array 300 in a particular vertical section, and 
after passing through the image display device 400, 
travels such that it is diffused in the vertical plane. 
[0067] Herein, the optical system is established such 
that, if the vertical dimension and the horizontal dimen- 
sion of the unit light emitting block 210 are Vs and Hs, 
respectively, (see FIG. 2); the vertical dimension and the 
horizontal dimension of the unit display block 410, 510 
are Vd and Hd, respectively, (see FIG. 4, FIG. 5); the 
pitch for the horizontal cylindrical lens array 300 is Vc 
(see FIG. 1, FIG. 3); the distance between the light 
source means 200 and the horizontal cylindrical lens ar- 
ray 300 is L1 (see FIG. 1, FIG. 7); the distance between 
the horizontal cylindrical lens array 300 and the display 
surface of the image display device 400 is L2 (see FIG. 
1, FIG. 7); the distance between the display surface of 
the image display device 400 and a prescribed observ- 
ing location is L3 (see FIG. 7); and the focal length for 
the horizontal cylindrical lens array 300 in the vertical 
section is fv, the following relational expressions are 
met: 

1/fv = 1/L1 + 1/L2 



Vs : Vd = L1 : L2 



Vs : Vd = (L1 + L2 + L3) : L3 



Vs : 2(Vc/n) = (L1 + L2 + L3) : (L2 + L3) 

and 

Hs : (q x Hd) = (L1 + L2 + L3) : L3. 

Herein, the distance between optical reference point 
and plane is that which is calculated on the assumption 
that the medium between such point and plane is air. 
[0068] Next, the function will be described. 
[0069] FIG. 8 shows the path of light projected from 
the unit light emitting block 810. When the surface of the 
unit light emitting block 81 0 is divided in the form of a 
matrix of 3 rows and 3 columns, a first light emitting unit 
811 is disposed in the location of first row, third column; 
a second light emitting unit 812 is disposed in the loca- 
tion of second row, second column; and a third light emit- 
ting unit 813 is disposed in the location of third row, first 
column. The unit light emitting block 810 differs from the 
unit light emitting block 21 0 in arrangement of light emit- 
ting unit, however, the difference is only in that the entire 
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light emitting patterns are in the mirror image relation- 
ship to each other, and in where the light emitting units 
are divided into sets of three in a horizontal arrange- 
ment, and here, for convenience of description, the unit 
light emitting block having an arrangement as shown in 
FIG. 8 is given, however, when the entire light source 
means 200 is considered, both are equivalent to each 
other. 

[0070] A light flux radially projected from the third light 
emitting unit 813 located in the third row, first column in 
the unit light emitting block 810 is subjected to the lens 
action in the vertical direction by the horizontal cylindri- 
cal lens array 300 disposed ahead of the unit light emit- 
ting block 810 in the light path, being focused into the 
pixels belonging to the top row 421 of the three rows in 
the image display device 400 as shown in FIG. 8. The 
light flux radially projected from the third light emitting 
unit 813 is expanded to a breadth of at least p pixels, 
which correspond to the number of parallax directions, 
on the display surface of the image display device 400 
in the horizontal direction. More particularly, the light flux 
passes through the display surface, being expanded to 
the nine pixels included in the top row 421 consisting of 
horizontally arranged unit light emitting blocks 410a, 
410b, and 410c in the image display device 400. The 
light flux which has passed through these nine pixels is 
further expanded from the left end to the right end of the 
observing region which is ahead of the image display 
device 400. The numbers of 1 to 9 given to the respec- 
tive pixels in the figure each indicate the number of the 
original parallax image screen to which the pertinent pix- 
el in the synthesizing screen belongs, as is the case with 
FIG. 4 and the like. 

[0071] A light flux radially projected from the second 
light emitting unit 812 located in the second row, second 
column is subjected to the lens action in the vertical di- 
rection by the horizontal cylindrical lens array 300, and 
due to the difference in angle of incidence of the flux into 
the horizontal cylindrical lens array 300, the flux is now 
focused into the pixels belonging to the middle row 422 
in the image display device 400 as shown in FIG. 8. The 
light flux radially projected from the second light emitting 
unit 812 is passed through the display surface, being 
expanded to the breadth of the nine pixels included in 
the middle row 422 consisting of unit light emitting 
blocks 41 0b, 41 0c, and 41 Od in the image display device 
400, which are provided by shifting the top row 421 to 
the right by one unit display block. The light flux which 
has passed through these nine pixels is further expand- 
ed from the left end to the right end of the observing 
region which is ahead of the image display device 400. 
[0072] A light flux radially projected from the second 
light emitting unit 811 located in the first row, third col- 
umn is subjected to the lens action in the vertical direc- 
tion by the horizontal cylindrical lens array 300, and due 
to the difference in angle of incidence of the flux into the 
horizontal cylindrical lens array 300, the flux is now fo- 
cused into the pixels belonging to the bottom row 423 



in the image display device 400 as shown in FIG. 8. The 
light flux radially projected from the second light emitting 
unit 811 is passed through the display surface, being 
expanded to the breadth of the nine pixels included in 

5 the bottom row 423 consisting of unit light emitting 
blocks 41 0c, 410d, and 410e in the image display device 
400, which are provided by further shifting the top row 
421 to the right by one unit display block. The light flux 
which has passed through these nine pixels is further 

10 expanded from the left end to the right end of the ob- 
serving region which is ahead of the image display de- 
vice 400. 

[0073] The light flux which has passed through the 
nine pixels belonging to the top row 421 consisting of 
'5 unit light emitting blocks 410a, 410b, and 410c; the light 
flux which has passed through the nine pixels belonging 
to the middle row 422 consisting of unit light emitting 
blocks 410b, 410c, and 410d; and the light flux which 
has passed through the nine pixels belonging to the mid- 
20 die row 423 consisting of unit light emitting blocks 41 0c, 
41 Od, and 41 Oe each reach the same observing region, 
being expanded from the left end to the right end thereof, 
because the distance between the third light emitting 
unit 81 3 and the second light emitting unit 81 2 is longer 
25 than the breadth of three pixels (the breadth of the unit 
display block) in the image display device 400, resulting 
from the above mentioned relational expression: Hs : (q 
x Hd) = (LI + L2 + L3) : L3. 

[0074] For example, the light which has passed 

30 through the pixel 431 in the first row, first column in the 
first type of unit display block 410a, being emitted from 
the third light emitting unit 813; the light which has 
passed through the pixel 432 in the second row, first col- 
umn in the second type of unit display block 4 1 0b, being 

35 emitted from the second light emitting unit 812; and the 
light which has passed through the pixel 433 in the third 
row, first column in the third type of unit display block 
410c, being emitted from the first light emitting unit 811; 
differ from one another in angle of incidence into the pix- 

10 el from the light emitting unit in the horizontal section, 
therefore, the light which has passed through these 
three pixels 431 , 432, and 433 is focused into approxi- 
mately the same location in the vicinity of the left end of 
the observing region. 

45 [0075] Therefore, when the location of the first type of 
unit display block 41 0a is viewed from near the left end 
of the observing region, the light which has passed 
through the pixel in the first row, first column thereof can 
be observed; when the location of the second type of 

50 unit display block 410b is viewed, the light which has 
passed through the pixel in the second row, first column 
thereof can be observed; and when the location of the 
third type of unit display block 410c is viewed, the light 
which has passed through the pixel in the third row, first 

55 column thereof can be observed. Because of the pixel 
disposition for the synthetic image, these all provide pix- 
els constituting the first parallax image screen. The light 
which has passed through the pixels is diffused in the 
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vertical plane as shown in FIG. 7. 
[0076] The above statement can be extended to the 
entire display screen of the image display device 400: 
when the image display device 400 is viewed from near 
the left end of the observing region, the first parallax im- 5 
age screen can be viewed over the entire screen of the 
image display device 400. The zone where the first par- 
allax image screen can be viewed is formed as a vertical 
zone of a prescribed breadth at the left end of the ob- 
serving region. Likewise, the zone where the second »o 
parallax image screen can be viewed is formed as a ver- 
tical zone at the right thereof. Further at the right of the 
zone where the second parallax image screen can be 
viewed, the zone where the third parallax image screen 
can be viewed is formed as a vertical zone. Thus, from 15 
the left end to the right end of the observing region, the 
vertical zones which number corresponds to that of par- 
allax directions where different horizontal parallax im- 
age screens can be viewed are formed. 
[0077] FIG. 9 and FIG. 10 illustrate the condition of 20 
the observing region when the number of parallax direc- 
tions is 4. FIG. 9 illustrates the condition when the ob- 
serving region formed ahead of the image display de- 
vice 400 is viewed from above, while FIG. 1 0 the condi- 
tion when the observing region is viewed from side. The 25 
regions which are inside the bold lines in the figure, be- 
ing numbered from 1 to 4, are those where one parallax 
image corresponding to the pertinent number can be ob- 
served on the entire screen of the image display device 
400 when the 3-D image display unit 1 00 is viewed with 30 
one eye from an optional location therein, providing op- 
timum observing regions. 

[0078] For example, from the location of the left eye 
902 of the observer 901 as shown in FIG. 9, the second 
parallax image screen can be observed on the screen 35 
of the image display device 400, and from the location 
of the right eye 903, the third parallax image screen can 
be observed on the screen of the image display device 
400. 

[0079] In any other locations in the shaded areas, -»o 
stereoscopic vision can be performed, however, the 
screen which is viewed from one eye is vertically split, 
and thus a plurality of parallax images may be observed, 
therefore, when the boundary between parallax images 
is conspicuous, the picture quality may be deteriorated. 45 
However, by providing a sufficiently great number of par- 
allax directions, a good stereoscopic image can be ob- 
served even outside of the bold line. If the number of 
parallax directions is sufficiently great, that the screen 
is changed as the one eye is moved bacfcand forth offers 50 
an advantage of that a movement parallax in the cross- 
wise direction can be obtained although it is pseudo. 
[0080] When the light flux radially projected from a 
particular light emitting unit is expanded to a breadth 
larger than the breadth of the pixels which number cor- 55 
responds to that of parallax directions, on the image dis- 
play device 400, a sub-lobe 911, 912 is formed in addi- 
tion to the main lobe 910 (the main observing region) as 



shown in FIG. 9, and from that sub-lobe region, a ster- 
eoscopic image can be observed. 
[0081] Next, that synthesizing a plurality of parallax 
image screens by the pixel arrangement in the form of 
a matrix as shown in FIG. 4 and FIG. 5 can improve the 
resolution of a 3-D image display, minimize the variation 
in pixel density in the vertical and horizontal directions, 
and enhance the depth resolving power will be de- 
scribed. 

[0082] FIG. 11 (A), FIG. 11 (B), and FIG. 11 (C) are 
explanatory drawings for comparison of synthesizing 
four original pictures produced by viewing an object from 
four different points of sight taken by moving in the hor- 
izontal direction (horizontal parallax image screens 
1101 to 1104 in the form of a matrix of 4 pixels (vertical) 
x 4 pixels (horizontal)) into a synthetic image of 4 in 
number of parallax directions by the pixel arrangement 
in the form of vertical stripes, which is suited for the con- 
ventional lenticular system, with synthesizing them into 
a synthetic image of 4 in number of parallax directions 
by the pixel arrangement in the form of a matrix, which 
is suited for the system according to the present inven- 
tion. FIG. 1 1 (B) and FIG. 1 1 (C) show display elements 
which can display the entire image information as given 
in FIG. 11 (A) and with which the vertical pixel pitch is 
the same as the horizontal one. 
[0083] With the lenticular system, when a 3-D image 
which gives no vertical parallaxes, and only horizontal 
parallaxes is displayed, the cylindrical lenses are dis- 
posed in the form of vertical stripes, and in the breadth 
of each cylindrical lens, the original pictures which 
number corresponds to that of parallax directions are 
disposed, being arranged in the horizontal direction. 
Therefore, a pixel contained in one original picture ap- 
pears at a pixel interval corresponding to the number of 
parallax directions in the horizontal direction of the syn- 
thetic image for 3-D image display. 
[0084] In an example as shown in FIG. 11 (A), FIG. 
11 (B),and FIG. 11 (C),the number of parallax directions 
in the horizontal direction is 4, therefore, in the synthetic 
image by the pixel arrangement in the form of vertical 
stripes, which is suited for the lenticular system, as 
shown in FIG. 11 (B), a pixel which belongs to a hori- 
zontal parallax image screen of the same parallax ap- 
pears at an interval of 4 pixels in the horizontal direction. 
For example, in the first row of the synthetic image, a 
(v1 , H 1 ) pixel of the original picture 1 1 01 , a (v1 , H 1 ) pixel 
of the original picture 1 1 02, a (v1 , H1 ) pixel of the original 
picture 1103, and a (v1, H1) pixel of the original picture 
1104 are disposed, and following this, a (v1, H2) pixel 
of the original picture 1 1 01 , a (v1 , H2) pixel of the original 
picture 1102, a (v1 , H2) pixel of the original picture 1103, 
anda(v1, H2) pixel of the original picture 1104 are dis- 
posed. 

[0085] Further, a (v1 , H3) pixel of the original picture 
1101, a (v1, H3) pixel of the original picture 1102, a (v1, 
H3) pixel of the original picture 11 03, and a (v1 , H3) pixel 
of the original picture 1104 are disposed, and finally, a 
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(v1 , H4) pixel of the original picture 11 01 , a (v1 , H4) pixel 
of the original picture 1 102, a (v1 , H4) pixel of the original 
picture 1103, and a (v1, H4) pixel of the original picture 
1104 are disposed. 

[0086] Thus, a pixel contained in the original picture 5 
of a certain parallax appears at an interval of 4 pixels in 
the horizontal direction on the synthetic image, there- 
fore, to display the original picture on a display device 
with which the vertical pixel pitch is the same as the hor- 
izontal one, while maintaining the aspect ratio of the 10 
original picture, the same pixel must be repetitively dis- 
played four times in the vertical direction. For example, 
the (v4, H4) pixel of the original picture 1104 in FIG. 11 
(A) is displayed, being extended to four pixels 1110 at 
the bottom of the rightmost column in FIG. 11 (B). As a »5 
result of this, the number of pixels required to display 
the synthetic image is increased to the number of pixels 
of the entire original picture multiplied by the number of 
parallax directions. In an example as shown in FIG. 11 
(A), FIG. 11 (B), and FIG. 11 (C), the total number of 20 
pixels of the original pictures 1101 to 1104 is 64, while 
the pixel arrangement in the form of vertical stripes, 
which is suited for the lenticular system, requires 1 6 pix- 
els (vertical) x 16 pixels (horizontal), i.e., 256 pixels. In 
other words, because the number of parallax directions 25 
is 4, the required number of pixels is as many as four 
times the 64 pixels of the original pictures, i.e., 256 pix- 
els. ■ ... 
[0087] Contrarily to this, with the pixel arrangement in 
the form of a matrix, which is suited for the system ac- 30 
cording to the present invention, as shown in FIG. 11 
(C), four pixels, which the lenticular system arranges in 
one row in the horizontal direction, are disposed in the 
form of a matrix of 2 (vertical) pixels x 2 (horizontal) 
pixels. Therefore, the interval for the horizontal direction 35 
at which a pixel of a certain parallax contained in the 
original picture appears and the interval for the vertical 
direction are both 2 pixels, and thus the aspect ratio can 
be maintained without the need for providing redundant 
pixels. In other words, as shown in FIG. 11 (C), all the 40 
pixels (64 pixels) of the four original pictures 1101 to 
1104 can be expressed with 64 pixels constituting a ma- 
trix of 8 (vertical) pixels x 8 (horizontal) pixels. 
[0088] FIG. 12 (A), FIG. 12 (B), and FIG. 12 (C) are 
explanatory drawings for comparison of displaying the -*5 
four original pictures 1101 to 1104 of 4 (vertical) pixels 
x 4 (horizontal) pixels in the region of 8 (vertical) pixels 
x 8 (horizontal) pixels by the pixel arrangement in the 
form of vertical stripes, which is suited for the lenticular 
system, with displaying by the pixel arrangement in the 50 
form of a matrix, which is suited for the system according 
to the present invention. FIG. 12 (B) and FIG. 12 (C) 
show display elements which can display the image in- 
formation as given in FIG. 12 (A) and with which the ver- 
tical pixel pitch is the same as the horizontal one. In the 55 
horizontal direction (with the pixels as indicated with the 
arrow 1121 and the like), the four pixels of the original 
picture is compressed into two pixels (the amount of in- 



formation being reduced), and in the vertical direction 
(with the pixels as indicated with the arrow 1122 and the 
like), the one pixel of the original picture is extended to 
two pixels (the amount of information being not 
changed). For example, compression in the horizontal 
direction is performed by averaging two adjacent pixels 
(H1 and H2 or H3 and H4), thinning out, or the like. 
[0089] When the quality of the image by the pixel ar- 
rangement in the form of vertical stripes, which is suited 
for the lenticular system, as shown in FIG. 12 (B), is 
compared with that of the image by the pixel arrange- 
ment in the form of a matrix, which is suited for the sys- 
tem according to the present invention, as shown in FIG. 
12 (C), it is found that the ratio of the horizontal informa- 
tion density for the pixel arrangement in the form of ver- 
tical stripes to that for the pixel arrangement in the form 
of a matrix is 1 : 2. For both, the horizontal information 
density is equal, the ratio being 1:1. Further, the ratio 
of the depth information density for the pixel arrange- 
ment in the form of vertical stripes to that for the pixel 
arrangement in the form of a matrix is approximately 1 : 
2 (varying depending upon the horizontal information 
density), thus the ratio in amount of 3-D information for 
constituting a stereoscopic image between the pixel ar- 
rangement in the form of vertical stripes and that in the 
form of a matrix is approximately 1:4(1: number of 
parallax directions). 

[0090] Thus, with a synthetic image by the pixel ar- 
rangement in the form of a matrix, which is suited for the 
3-D image displaying method according to the present 
invention, the pixels (pixel set) which number corre- 
sponds to that of parallax directions, and which are in 
approximately the same position on the original pictures 
which number corresponds to that of parallax directions 
are arranged in a matrix, therefore, the efficiency for dis- 
play of image information is substantially high, com- 
pared to a synthetic image in which all the pixels includ- 
ed in one pixel set are arranged in one row in the hori- 
zontal direction, as with the lenticular system and the 
parallax barrier system. More particularly, when a multi- 
viewpoint 3-D image in which the number of parallax di- 
rections is a square number, such as 4, 9, 16, ... is dis- 
played by using a display device with which the vertical 
pixel pitch is the same as the horizontal one, the present 
invention allows the number of pixels for the display el- 
ement to be reduced to 1/4, 1/9, 1/16, ... that for the len- 
ticular system and the parallax barrier system, making 
it possible to provide a substantially efficient, and high 
resolution stereoscopic display. 
[0091] FIG. 13 shows the relationship between the 
coarseness of the pixels and the depth information den- 
sity, using the lenticular system as an example. With the 
conventional lenticular system, which uses cylindrical 
lenses, the pixel for each particular parallax that is ac- 
commodated in one cylindrical lens seems to expand to 
the entire breadth of the cylindrical lens. This phenom- 
enon is called the sampling effect. For the synthetic im- 
age as shown in FIG. 11 (B), for example, cylindrical 
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lenses having a breadth of roughly four pixels in the hor- 
izontal direction are used, thus, one pixel seems to ex- 
pand to a breadth of roughly four pixels. 
[0092] In FIG. 13. if a point of sight 1321 provides the 
position of the left eye of the observer, and a point of 5 
sight 1322 provides the position of the right eye of the 
same observer, then, with a pixel 1 301 , which has a nar- 
row breadth, the depth direction resolution limit (the dis- 
tance between two points that can be resolved) is rela- 
tively small as indicated with an arrow 1311, the depth »o 
information density being high, however, with a pixel 
1302, which is broader than the pixel 1301, the depth 
direction resolution limit is increased as indicated with 
an arrow 1312, the depth information density being low- 
ered. . . . . 15 
[0093] Therefore, in the case when a pixel of the same 
original picture appears at an interval of 2 pixels in the 
horizontal direction as shown in FIG. 11 (C), the breadth 
of each pixel is accommodated in the breadth of two pix- 
els, even if the sampling effect is developed, therefore, 20 
as compared to the case when the sampling effect caus- 
es each pixel to expand to the breadth of four pixels in 
the horizontal direction as shown in FIG. 11 (B), a high 
depth information density can be obtained. A point 1 323 
as shown in FIG. 13 indicates the object of visual rec- 25 
ognition. 

[0094] Next, a second embodiment of the present in- 
vention will be described. 

[0095] With the second embodiment, it is possible to 
switch over between the 3-D image display and the 2-D so 
image display. With the second embodiment, a liquid 
crystal cylindrical lens array 1400 as shown in FIG. 14 
and FIG. 15 is used instead of the horizontal cylindrical 
lens array 300. The liquid crystal cylindrical lens array 
1400 is constructed such that a liquid crystal layer for 35 
liquid crystal lens, 1430, and a high-polymer dispersion 
type liquid crystal layer 1440 are laminated between a 
pair of electrode-equipped transparent substrates 1410 
and 1420. 

[0096] Electrodes formed on the electrode-equipped *o 
transparent substrate 1410 on the side where it is con- 
tacted with the liquid crystal lens for liquid crystal layer, 
1430, provide a linear electrode array consisting of a 
plurality of linear electrodes 1411 which extend in the 
horizontal direction, and are arranged in the vertical di- *s 
rection at a prescribed interval. The pitch for the linear 
electrodes 1411 is equal to Vc for the horizontal cylin- 
drical lens array 300 which is used in the first embodi- 
ment. An electrode which is formed on the electrode- 
equipped transparent substrate 1 420 on the side where so 
it is contacted with the high-polymer dispersion type liq- 
uid crystal layer 1440 provides a transparent surface 
electrode 1421. 

[0097] When displaying a 3-D image, a switch 1451 
is closed to apply a prescribed voltage across the linear 55 
electrode 1411 and the transparent surface electrode 
1421 from a power supply 1450, as shown in FIG. 14, 
for providing a lens function for the liquid crystal layer 



for liquid crystal lens, 1430. If a non-uniform electric field 
is applied to the liquid crystal layer, the index of refrac- 
tion of the liquid crystal layer is changed in accordance 
with the difference in electric field strength. The elec- 
trodes formed on the electrode-equipped transparent 
substrate 141 0 are in the form of horizontal stripes, and 
the opposed electrode 1421 is a surface electrode, 
therefore, on the side of the surface electrode 1421, a 
mirror image of the linear electrodes 1411 is provided, 
and consequently, the same electric field as that which 
would be produced, if electrodes in the form of horizontal 
stripes were disposed, being opposed to each other, is 
produced. Thus, when a voltage is applied, the liquid 
crystal layer for liquid crystal lens, 1430. optically func- 
tions as a horizontal cylindrical lens array. 
[0098] On the other hand, the high-polymer disper- 
sion type liquid crystal is a liquid crystal in which liquid 
crystal particles are dispersed in a high polymer, thus, 
when a voltage is not applied, the difference in index of 
refraction between the liquid crystal and the high poly- 
mer causes light scattering, while, when an appropriate 
voltage is applied, the index of refraction of the liquid 
crystal is changed such that the liquid crystal has the 
same index of refraction as that of the high polymer, re- 
sulting in the high-polymer dispersion type liquid crystal 
layer being made transparent. 
[0099] Therefore, when an appropriate voltage is ap- 
plied across the linear electrode 1411 and the transpar- 
ent surface electrode 1421 from the power supply 1450, 
the liquid crystal layer for liquid crystal lens, 1430, func- 
tions as a horizontal cylindrical lens array, the high-pol- 
ymer dispersion type liquid crystal layer 1440 being 
made transparent. Consequently, as shown in FIG. 16, 
the liquid crystal cylindrical lens array 1400 functions as 
a horizontal cylindrical lens array 300 as shown in FIG. 
1, which results in a 3-D image being displayed. 
[0100] When displaying a 2-D image, the switch 1451 
is opened to remove the voltage across the linear elec- 
trode 1411 and the transparent surface electrode 1421 
as shown in FIG. 15. This causes the high-polymer dis- 
persion type liquid crystal layer 1440 to diffuse the light 
from a light source 200. As shown in FIG. 17, this results 
in the light which passes through each pixel of the image 
display device 400 being not limited to that having a spe- 
cific directivity, which provides a 2-D image display. 
[0101] With the light source 200, the light emitting unit 
211 is distributed as shown in FIG. 1 and FIG. 2, thus, 
if only removal of the lens function of the liquid crystal 
layer for liquid crystal lens, 1430, is performed, with the 
diffusion being not provided, the brightness of the 
screen in displaying a 2-D image is made non-uniform. 
With the present embodiment, the high-polymer disper- 
sion type liquid crystal layer 1440 diffuses the light, 
therefore, the brightness of the entire screen is basically 
uniform. 

[0102] Because the horizontal cylindrical lens array 
for use with the present invention must be in alignment 
both with each light emitting unit 211 of the light source 
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200 and with each pixel of the image display device 400, 
a close dimensional tolerance is required for pitch and 
the like. For the liquid crystal cylindrical lens array 1400, 
which is used in the second embodiment, the photo- 
graphical technology can be used to form a linear elec- 
trode 1411 on the transparent substrate, thus, the lens- 
es can be arranged with the photographical accuracy, 
the horizontal cylindrical lens array being provided with 
a close tolerance, and the variation in preferred viewing 
distance, the cross talk, and the like being eliminated. 
[01 03] Especially, because one electrode is a surface 
electrode, the tolerance for relative position of the op- 
posed electrodes is not critical, as contrasted with the 
disposition of linear electrodes in opposed positions, 
thus a close-tolerance lens array can be easily formed. 
[01 04] In addition, the liquid crystal cylindrical lens ar- 
ray 1400 has not only the function as a horizontal cylin- 
drical lens array, but also the function as a diffusibility 
control means, which more simplifies the configuration, 
allowing the device to be made compact. Further, simply 
by applying or removing the voltage, the function as a 
horizontal cylindrical lens array and that as a diffuser 
can be switched over from one to the other, thus the im- 
age display can be easily changed over from 2-D to 3-D 
or vice versa. 

[01 05] Next, a third embodiment of the present inven- 
tion will be described. 

[0106] The third embodiment differs from the first em- 
bodiment in light source means. The light source means 
for use in the third embodiment is equipped with a sub 
light source in addition to the light emitting unit 211. 
Herein, the light emitting unit 211 and the sub light 
source are each configured as a self-luminous type light 
source. 

[0107] The sub light source is a light source which is 
disposed in a portion of the unit light emitting block 
where no light emitting unit is disposed, such that the 
diffused light can be basically uniformly emitted from the 
region in the form of a matrix of q rows and q columns. 
For example, a sub light source is disposed in the gap 
between light emitting units 21 1 such that the light sourc- 
es are disposed in the form of a lattice as a whole, or 
sub light sources are disposed such that the light sourc- 
es including the light emitting units 211 are disposed 
with a uniform spacing to provide practically a planar 
light source. 

[0108] When displaying a 3-D image, only the light 
emitting units 211 are lighted. To display a 2-D image, 
the sub light sources are lighted for radially emitting the 
light basically uniformly from the entire region of the unit 
light emitting block. This results in the light which passes 
through each pixel of the image display device 400 be- 
ing not limited to that having a specific directivity, which 
provides a 2-D image display. 

[0109] The light source means may be composed of 
a transmission type light source display device and a 
planar light source which illuminates this light source 
display device from the back. When displaying a 3-D im- 



age, a mask pattern which has openings only in the lo- 
cations corresponding to the light emitting units 211 is 
displayed on the light source display device with the pla- 
nar light source being lighted for operating it as a light 

s source equivalent to the light source means 200 as men- 
tioned in the first embodiment. 
[0110] When displaying a 2-D image, the mask pat- 
tern to be displayed on the light source display device 
is set such that the diffused light is basically uniformly 

*o projected from the entire region of the unit light emitting 
block. By doing this, the planar light source can also 
function as the sub light sources. For example, when a 
normally white LCD is used as the transmission type 
light source display device, application of the voltage 

'5 forms a mask to provide a 3-D image display, while re- 
moval of the voltage eliminates the mask for providing 
. a 3-D image display. However, when displaying a 3-D 
image, the exposed area of the planar light source is 
reduced, compared to that when displaying a 2-D im- 

20 age, the luminosities of both must be balanced by taking 
such a measure as adjusting the brightness of the planar 
light source. 

[0111] Next, a fourth embodiment of the present in- 
vention will be described. 

25 [0112] With the fourth embodiment, each pixel of the 
image display device is composed of sub-pixels in the 
form of horizontal RGB stripes. On the light source side, 
each light emitting unit is provided with color filters in 
the form of horizontal RGB stripes such that, in the po- 

30 sitions optically conjugate with the horizontal RGB 
stripes of the image display device, the same primary 
colors are disposed, or each light emitting unit is com- 
posed of light emitting sections in the form of horizontal 
RGB stripes such that, in the positions optically conju- 

35 gate with the horizontal RGB stripes of the image display 
device, the same primary colors are disposed. 
[0113] In an example as shown in FIG. 18, one light 
emitting unit 1810 is composed of light sources in the 
form of horizontal stripes arranged in the order of R, G, 

fo and B from top. Each pixel of the image display device 
1820 is composed of three sub-pixels in the form of hor- 
izontal stripes arranged in the order of B, G, and R from 
top. 

[0114] First, by constructing each pixel of the image 
■*5 display device 1820 with sub-pixels in the form of hori- 
zontal RGB stripes, the deviation in color balance for 
each pixel due to the difference in viewing angle is pre- 
vented. In other words, if each pixel is composed of sub- 
pixels in the form of vertical RGB stripes, vertical stripes 
so is formed for each RGB in the observing region, be- 
cause the light passing through each sub-pixel has a 
specific directivity in the horizontal direction, and thus, 
the difference in viewing angle from the observer pro- 
duces a deviation in color balance for each pixel. On the 
55 other hand, if each pixel is composed of sub-pixels in 
the form of horizontal RGB stripes, the light which has 
passed through each sub-pixel diffuses in the vertical 
plane after passing through each sub-pixel, therefore 
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any deviation in color balance is prevented. 
[0115] In addition, the light emitting unit 1810 is com- 
posed of light sources in the form of horizontal RGB 
stripes such that, in the positions optically conjugate 
with the horizontal RGB stripes of the image display de- 5 
vice, the same primary colors are disposed, therefore, 
any cross talk between parallax images resulting from 
a working error or an aberration can be suppressed. 
[0116] When white light is projected from each light 
emitting unit, the light focused by the horizontal cylindri- 10 
cal lens is leaked into an adjacent pixel, resulting from 
a working error or an aberration, a mixture of the image 
information of the original pixel with that of the adjacent 
one is observed, which generates a cross talk between 
parallax images. »5 
[0117] With the present embodiment, the light project- 
ed from the horizontal red (R) stripe of the light emitting 
unit 1810 is focused into the red sub-pixel of the image 
display device 1820 by the horizontal cylindrical lens 
1830. In this case, if the red light is leaked into an adja- 20 
cent sub-pixel due to an aberration or the like, the adja- 
cent sub-pixel will not transmit the red light because it 
is green (G) or blue (B). In other words, an allowance 
corresponding to two sub-pixels is provided, thus, so 
long as an aberration or a working error large enough 25 
for the red light to reach the same color sub-pixel in the 
adjacent row is not caused, no cross talk between par- 
allax images will be produced, and a sharp stereoscopic 
image can be displayed. 

[0118] Next, a fifth embodiment of the present inven- 30 
tion will be described. 

[0119] As shown in FIG. 19, a 3-D image display unit 
according to the fifth embodiment of the present inven- 
tion comprises a linear light source array 1910 in which 
linear light sources 1911 extending in the vertical direc- 35 
tion are arranged in the horizontal direction with a pre- 
scribed spacing; a transmission type image display de- 
vice 1920 which is located closer to the observer than 
the linear light source array 1910, and displays a syn- 
thetic image in the form of vertical stripes that is as a *o 
result of the parallax images which number corresponds 
to that of parallax directions being decomposed into ver- 
tical stripes, and the vertical stripes being alternately ar- 
ranged in the prescribed order to be synthesized into 
one image; and a horizontal cylindrical lens array 1 930 45 
which is disposed between the linear light source array 
1910 and the image display device 1920, having a gen- 
erator in the horizontal direction. 
[0120] Each linear light source 1911 of the linear light 
source array 1910 is configured by cyclically arranging 50 
the light emitting sections of the three primary colors of 
RGB in the vertical direction. Each pixel of the image 
display device 1920 is composed of sub-pixels in the 
form of horizontal RGB stripes. In addition, the light emit- 
ting sections of the primary colors of the linear light 55 
source array 1910 and the sub-pixels of the primary 
colors of the image display device 1920 are disposed 
such that the light emitting section and the sub-pixel of 



the same primary color are in the optically conjugate re- 
lationship with each other. 

[0121] By this, as with the example as shown in FIG. 
18, the light projected from the red (R) light emitting sec- 
tion of the linear light source array 1910 is focused into 
the sub-pixel of the R color on the display surface of the 
image display device 1920 by the horizontal cylindrical 
lens array 1930; the light projected from the green (G) 
light emitting section of the linear light source array 1910 
is focused into the sub-pixel of the G color on the display 
surface of the image display device 1920; and the light 
projected from the blue (B) light emitting section of the 
linear light source array 1910 is focused into the sub- 
pixel of the B color on the display surface of the image 
display device 1920. 

[0122] By doing this, almost all of the light projected 
from the light emitting section of a particular primary 
color is passed through the sub-pixel of the same pri- 
mary color, thus, when compared to the system which 
uses a white light source 2011 in the form of vertical 
stripes, the light utilization efficiency can be increased 
to roughly three times. In other words, with the system 
as shown in FIG. 20, only the light which has reached a 
particular sub-pixel from the white light source, and 
which has the wavelength corresponding to the primary 
color of that sub-pixel is transmitted, therefore, the light 
utilization efficiency is lowered, but with the system as 
shown in FIG. 19, almost all of the light projected from 
each particular light emitting section is passed through 
the image display device 1 920, thus the light can be uti- 
lized with a high efficiency. 

[0123] By applying the fifth embodiment to a 3-D im- 
age display of the time sharing system, a 3-D image dis- 
play unit which is substantially bright as compared to the 
conventional one can be configured. More particularly, 
by disposing the same linear light sources as those as 
shown in FIG. 19 more closely than in FIG. 19; causing 
them to blink in turn while always providing any two ad- 
jacent linear light sources which are lighted, with the 
same spacing as that as shown in FIG. 19; selecting the 
displaying pixels from the pixels of the image display de- 
vice in synchronization with such sequential blinking to 
display the complementary parallax images in turn to- 
ward a specific direction for utilizing that those parallax 
images are observed as an integral parallax image due 
to the persistence effect, a 3-D image display unit which 
can display a highly fine and bright 3-D image can be 
configured. 

[01 24] Next, a sixth embodiment of the present inven- 
tion will be described. 

[0125] The sixth embodiment allows a color stereo- 
scopic image to be displayed with no need for providing 
sub-pixels as shown in FIG. 18. 
[0126] As shown in FIG. 22 (A), FIG. 22 (B), and FIG. 
22 (C), on a light source means 2200 for the primary 
colors of RGB, light emitting units 2201, 2202, 2203 for 
the different primary colors are disposed such that they 
are not overlapped one upon another. On the light 
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source means 200 as shown in FIG. 2, one light emitting 
unit 211 is disposed in each of the 3 partial regions each 
not belonging to the same row and the same column of 
a matrix of 3 rows and 3 columns (a region with a vertical 
dimension of Vs and a horizontal dimension of Hs), how- 
ever, on the light source means 2200 as shown in FIG. 
22 (A), FIG. 22 (B), and FIG. 22 (C), the light emitting 
units 2201, 2202, 2203 for the primary colors of RGB 
are disposed in each of the partial regions as shown in 
FIG. 2. A horizontal cylindrical lens 2210 is the same as 
that as shown in FIG. 2 and FIG. 18. 
[0127] For displaying a color image, the light emitting 
units 2201 , 2202, 2203 for the primary colors are caused 
to blink in turn such that they are not lighted simultane- 
ously, and in synchronization with such sequential blink- 
ing, the images corresponding to the primary colors are 
displayed in turn on a transmission type image display 
device 2220. For example, as shown in FIG. 22 (A), FIG. 
22 (B), and FIG. 22 (C), the light emitting units 2201, 
2202, 2203 for the primary colors.are lighted in turn such 
that the lighting in the order of R, G, and B is repeated. 
[0128] While the light emitting unit 2201 for the R color 
is lighted, the image corresponding to the R color is dis- 
played on the transmission type image display device 
2220 as shown in FIG. 22 (A). Next, while the light emit- 
ting unit for the G color is lighted, the image correspond- 
ing to the G color is displayed on the transmission type 
image display device 2220 as shown in FIG. 22 (B). In 
this case, in correspondence to the difference in position 
between the light emitting unit 2201 for the R color and 
the light emitting unit 2202 for the G color, the position 
where the image of the G color is to be displayed on the 
transmission type image display device 2220 is 
changed. In FIG. 22 (B), the position of the light emitting 
unit 2202 for the G color is displaced one box toward 
right, compared to that for the R color, thus, in corre- 
spondence to this, the display position of the pixel be- 
longing to the same parallax image is displaced one box 
toward right. 

[0129] Next, while the light emitting unit for the B color 
is lighted, the image corresponding to the B color is dis- 
played on the transmission type image display device 
2220 as shown in FIG. 22 (C). In this case, in corre- 
spondence to the difference in position between the light 
emitting unit 2201 for the R color, the light emitting unit 
2202 for the G color, and the light emitting unit 2203 for 
the B color, the position where the image of the B color 
is to be displayed on the transmission type image dis- 
play device 2220 is changed. In FIG. 22 (C), the position 
of the light emitting unit 2203 for the B color is displaced 
further one box toward right, compared to that for the G 
color, thus, in correspondence to this, the display posi- 
tion of the pixel belonging to the same parallax image is 
displaced further one box toward right, compared to that 
for the G color. 

[0130] Thus, in correspondence to that the light emit- 
ting units for the RGB colors vary in position, the display 
position of the pixel corresponding to a particular paral- 



lax image is changed, therefore, if the position of the 
light emitting unit varies with the color, the same parallax 
image can be observed from the same position in the 
observing region. Consequently, if the color of the emit- 

5 ted light is changed at a rate which allows the persist- 
ence effect to be given, and the display contents and 
the display position for the display device is changed in 
synchronization with the change in the color of the emit- 
ted light, the observer can observe a full color 3-D image 

10 as a result of synthesizing the 3-D images of the RGB 
primary colors. 

[0131] With the full color display by the field sequen- 
tial method, the need for providing sub-pixels is elimi- 
nated, thus the pixel density can be increased to three 

« times, as compared to that for the conventional LCD. 
Especially when the field sequential method as stated 
in the present embodiment is employed, the light emit- 
ting energy per time x area can be decreased by the 
amount corresponding to the increase in the area of the 

20 light emitting unit that can be provided, which allows the 
service life of the light emitting device to be extended. 
FIG. 23 (A), FIG. 23 (B), FIG. 23 (C) and FIG. 23 (D) 
show various examples of disposition of the light emit- 
ting units for the primary colors when the full color dis- 

25 play by the field sequential method is performed. 

[01 32] Next, a seventh embodiment of the present in- 
vention will be described. 

[0133] With the seventh embodiment, a fly's eye lens 
or the like is used, which reduces the number of unit light 

30 emitting blocks required. 

[0134] With the seventh embodiment, instead of using 
a horizontal cylindrical lens array, optical units which 
vertical and horizontal sections provide different lens 
functions are arranged in the form of a matrix to config- 

35 ure an image formation optical system 2430, and by the 
lens functions of this image formation optical system 
2430, the image of the respective unit light emitting 
blocks comprising a plurality of light emitting units 241 1 
is formed on the display surface of an image display de- 

40 vice 2420 as shown in FIG. 24 in the vertical section. 
[0135] In the horizontal section, the image of the re- 
spective unit light emitting blocks is formed in the vicinity 
of the display surface of an image display device 2420 
on the light source side (FIG. 25) or on the observer side 

45 (FIG. 26). 

[0136] For example, it is assumed that, in the config- 
uration using an image formation optical system 2430 
comprising a toric lens array 2434 as shown in FIG. 24, 
FIG. 25, and FIG. 26, the vertical and horizontal dimen- 

50 sions of a unit light emitting block are Vs' and Hs', re- 
spectively; the vertical and horizontal dimensions of a 
unit display block are Vd' and Hd', respectively; the 
pitches of the lens arrays of the toric lens array in the 
vertical and horizontal dictions are Vc' and He'; the hor- 

55 izontaldimensionofthe image of the respective unit light 
emitting blocks in the horizontal section is Hs"; the dis- 
tance between the respective unit light emitting blocks 
and the toric lens array is L1 ' ; the distance between the 
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toric lens array and the display surface of the image dis- 
play device is L2'; the distance between the display sur- 
face of the image display device and the prescribed ob- 
serving position is L3'; the distance between the image 
of the respective unit light emitting blocks and the dis- 
play surface of the image display device in the horizontal 
section is Lh'; and the focal lengths of the lens unit in 
the toric lens array in the vertical and horizontal sections 
are fv' and fh'. 

[0137] Then, when, as shown in FIG. 25, the image 
of the respective unit light emitting blocks in the horizon- 
tal section is to be formed on the light source side with 
respect to the image display device, the entire optical 
system is established such that the following relational 
expressions are met: 

1/fv' = 1/L1' + 1/L2' 



1/fh' = 1/L1' + 1/(L2'-Lh') 



Vs':Vd' = L1 , :L2' 



Hs' : Hs" = L1' : (L2' - Lh') 



n/Vc' = 1/Vs' + 1/Vd 1 



n/Hc' = 1/Hs' + 1/Hs" 

and 

Hs" : (q x Hd') = (L3' + Lh') : L3'. 

[0138] When, as shown in FIG. 26, the image of the 
respective unit light emitting blocks in the horizontal sec- 
tion is to be formed on the observer side with respect to 
the image display device, the entire optical system is 
established such that the following relational expres- 
sions are met: 

Mfv' = MIV * MLT 



1/fh' = 1/L1' + 1/(L2' + Lh') 



Vs' :Vd' = L1':L2' 



Hs':Hs" = L1':(L2' + Lh') 



n/Vc' = 1/Vs' + 1/Vd' 



5 n/Hc' = 1/Hs' + 1/Hs" 

and 

w , Hs" : (q X Hd') = (L3' - Lh') : L3'. 

[0139] FIG. 24 to FIG. 26 and the above relational ex- 
pressions can be applied as they are when a toric lens 
array is used. When the image of the respective unit light 

*5 emitting blocks in the horizontal section is formed on the 
observer side with respect to the display surface of the 
image display device, the arrangement of the pixels for 
the respective parallax directions is in the order reverse 
to that of arrangement of the parallax images to be dis- 

20 played in the observing region. 

[0140] The image formation optical system 2430 is 
available in a variety of variants as shown in FIG. 31 (A), 
FIG. 31 (B), and FIG. 31 (C). FIG. 31 (A) shows a con- 
figuration which uses an image formation optical system 

25 comprising a combination of a vertical cylindrical lens 
array 2431 with a horizontal cylindrical lens array 2432. 
FIG. 31 (B) shows a configuration which uses an image 
formation optical system comprising a combination of a 
fly's eye lens plate 2433 with a horizontal cylindrical lens 

30 array 2432. FIG. 31 (C) shows a configuration which us- 
es an image formation optical system comprising a toric 
lens array 2434. 

[0141] The vertical cylindrical lens array 2431 as 
shown in.FIG. 31 (A) and the horizontal cylindrical lens 

35 array 2432 as shown in FIG. 31 (B) each comprise con- 
vex cylindrical lenses, however, they may be configured 
as a cylindrical lens array comprising concave cylindri- 
cal lenses. The image of the unit light emitting block may 
be an erect image rather than an inverted image. 

40 [0142] For example, a real image (an inverted image) 
of the unit light emitting block may be first formed by 
means of the fly's eye lens plate 2433, before an image 
of said real image (an erect image in the vertical section) 
being formed on the display surface of the image display 

45 device 2420 by means of the lens action of the horizontal 
cylindrical lens array 2432. In this case, the fly's eye lens 
plate 2433 serves to optically reduce the respective unit 
light emitting blocks. 

[0143] Thus, by interposing an image formation opti- 
50 cal system, a light source means can be configured with 
light emitting units whose number is substantially small, 
as compared to that of pixels for the image display de- 
vice. For example, assuming that the magnitude of the 
image formation optical system in the vertical direction 
55 is 1/10, that in the horizontal direction is 1/20, and the 
number of parallax directions is 9, the number of light 
emitting units required is as small as approx. 1/1800 of 
that for the image display device. 
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[0144] And, if the number of light emitting units re- 
quired is such a small one, an LED can be used as a 
light emitting unit. The LED has excellent characteristics 
of brightness, Golor development, and durability, and 
when it is used as a light emitting unit for the present 5 
embodiment, the light utilization efficiency given is sub- 
stantially high, compared to that for a light emitting unit 
based on the planar light source and the mask sub- 
strate. 

[0145] The above embodiments have been described 10 
on the assumption that q and r are integers of 2 or great- 
er, however, q and r may be integers meeting q a 2, r 
a 1,andp = q x r, where p being the number of parallax 
directions. In other words, r may be equal to 1. FIG. 27 
(A) and FIG. 27 (B) show an example of disposition of »5 
a unit light emitting block 2711 and that of a unit display 
block 271 2 when q = 2 and r = 1 , respectively. The white 
area in the figure shows a light emitting unit 2701 , and 
the shaded area shows a non-light emitting unit, which 
does not project light. The boxes 2713 in FIG. 27 (B) 20 
each show a pixel. FIG. 28 (A) and FIG. 28 (B) show an 
example of disposition of a unit light emitting block 281 1 
and that of a unit display block 2812 when q = 2 and r 
= 2, respectively. Also in FIG. 28 (A), the white area in 
the figure shows a light emitting unit 2801 , and the shad- 25 
ed area shows a non-light emitting unit, which does not 
project light, the respective boxes 2813 in FIG. 28 (B) 
showing a pixel. 

[0146] The above embodiments have been described 
with a specification of that a light flux radially projected so 
from one point on the light emitting unit in the unit light 
emitting block passes through the display surface of the 
image display device, being expanded to a breadth of 
at least p pixels in the horizontal section, and the light 
flux which has passed through the display surface, be- 35 
ing expanded to the breadth of p pixels, reaches the ob- 
serving region, being expanded from the left end to the 
right end thereof, however, this specification may not 
strictly be met. 

[0147] lnotherwords,asshowninFIG.29, a light flux *o 
radially projected from the light emitting unit 2901 in the 
unit light emitting block may pass through the display 
surface of the image display device, 2902, being ex- 
panded to a breadth involving p pixels in the horizontal 
section. FIG. 29 provides an example when the number « 
of parallax directions, p, is equal to 4, and as can be 
seen from the figure, the radiation which totals the radi- 
ations from the points on one light emitting unit may be 
expanded to a breadth involving 4 pixels. 
[0148] In addition, if the state in which the light flux is 50 
not expanded strictly from the left end to the right end 
of the observing region, resulting in the image being 
blurred at the right and left ends of the observing region, 
is tolerated, the light flux may be expanded to a breadth 
which is wide to a certain degree, from the left side to 55 
the right side of the observing region. 
[0149] Further, the embodiments have been de- 
scribed with a specification of that the vertical dimension 



and the horizontal dimension of the unit light emitting 
block, Vs and Hs, respectively; the vertical dimension 
and the horizontal dimension of the unit display block, 
Vd and Hd, respectively; the pitch for the horizontal cy- 
lindrical lens array, Vc; the distance between the light 
source means and the horizontal cylindrical lens array, 
LI; the distance between the horizontal cylindrical lens 
array and the display surface of the image display de- 
vice, L2; the distance between the display surface of the 
image display device and a prescribed observing loca- 
tion, L3; and the focal length for the horizontal cylindrical 
lens array in the vertical section, fv, meet the following 
relational expressions: 

1/fv=1/L1 +1/L2 



Vs : Vd = L1 : L2 



Vs : Vd = (L1 + L2 + L3) : L3 



Vs : 2(Vc/n) = (L1 + L2 + L3) : (L2 + L3) 

and 

Hs : (q x Hd) = (L1 + L2 + L3) : L3, 

however, simply by establishing the optical system such 
that the following relational expressions are met, a good 
stereoscopic image can be observed: 

1/fv = 1/L1 +1/L2 



Vs : Vd = LI : L2 



n/Vc = 1/Vs + 1AVd 

and 



Hs : (q x Hd) = (L1 + L2 + L3) : L3. 

[0150] Here, the relational expression 

n/Vc=1A/s + 1A/d 

can be proved as follows: 

First, from the relational expression 
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Vs : Vd = L1 : L2, 
relational expressions 

5 

(Vs/Vd) + 1 = (L1/L2) + 1 

and 

10 

(Vs + Vd)/Vd = (L1 + L2)/L2 (1) 

are obtained. 

Next, noting the similarity of triangles in FIG. 30, a rela- *5 
tional expression 

Vs/VcO = (L1 + L2)/L2 (2) 

20 

is obtained. 

Here, VcO can be expressed as 

VcO = Vc/n. 25 
From Eq. (1) and Eq. (2), relational expressions 

Vs/VcO = (Vs + Vd)/Vd 3Q 
1/VcO = (Vs + Vd)/(Vs x Vd) 
1/VcO = 1/Vs + 1/Vd 

and 

iWc=1/Vs + Wd 

are obtained. 

[0151] Thus, in place of the relational expressions 

45 

Vs : Vd = (L1 + L2 + L3) : L3 

and 

50 

Vs : 2(Vc/n) = (L1 + L2 + L3) : (L2 + L3), 
the following relational expression 

55 

n/Vc=1/Vs + 1/Vd 



may be met. 

[0152] Further, with the first and second embodi- 
ments, the light source means 200 is composed of a 
mask substrate 201 having an opening in the location 
corresponding to the light emitting unit 21 1 , and a planar 
light source 202 which irradiates the mask substrate 201 
from the back thereof, however, each light emitting unit 
211 on the light source means 200 may be composed 
of self-luminous type light emitting sections. Especially 
from the viewpoint of power saving and thickness reduc- 
tion, it is recommended to use a self-luminous type FPD 
(flat panel display). 

[0153] By the way, the light source used in the first 
and second embodiments may be any type of light 
source with which the light emitting section disposed in 
the predetermined position can always be lighted. The 
light source with which the light emitting condition is 
changed over from that for 3-D image display to that for 
2-D image display or vice versa, as with the third em- 
bodiment, may be any type of light source with which 
the light emitting position can be changed over from that 
for 3-D image display to that for 2-D image display or 
vice versa, thus, as a self-luminous type FPD, it is not 
necessary to use a sophisticated light source with which 
the lighting position can be finely changed. 
[0154] Therefore, the EL (electroluminecsence) pan- 
el, the VFD (fluorescent display tube), the LED (light 
emitting diode) panel, the PDP (plasma display), the 
FED (field emission display) and the like can be said to 
be candidates for the light source means 200. Among 
these candidates, the EL panel allows inexpensive con- 
figuring of an FPD which can always turn on the fine 
pattern of the RGB three primary colors over the entire 
screen, and thus if an EL panel with a high brightness 
that is suited for the present invention is developed, it 
can be considered that the EP panel will be the most 
suitable FPD for the present invention. Advantageously, 
the research and development of the high-brightness or- 
ganic EL has been rapidly advanced in the recent years, 
and at the laboratory stage, a high-brightness planar 
light source which can be used with a color projector has 
already been realized (published on Sept. 22, 1998, as 
a joint research, by Toyota Central Laboratory and 
Seiko-Epson Substrate Technology Laboratory). 
[0155] With the second and third embodiments, the 
entire screen is switch over from the 3-D image display 
to the 2-D image display or vice versa, however, one 
part of the screen may be for the 3-D image display and 
the other part may be for the 2-D image display. For ex- 
ample, by applying the voltage to only the linear elec- 
trodes which are in the region for displaying a 3-D im- 
age, of the linear electrodes 1411 as shown in FIG. 14, 
both the 3-D image display and the 2-D image display 
can be provided on the same screen. This is true also 
with a system in which the light emitting position is 
switched over, as with the third embodiment. More par- 
ticularly, by mixing the region for lighting only the light 
emitting units with that for lighting also the sub light 
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sources, both the 3-D image display and the 2-D image 
display can be provided on the same screen. 
[0156] Further, with the second embodiment, light dif- 
fusion for displaying a 2-D image display is performed 
by the high-polymer dispersion type liquid crystal layer 5 
1 440, however, a device which functions as a diffusibility 
control means to allow selection of either the transmis- 
sion condition or the diffusion one may be separately 
disposed. The diffusibility control means can be dis- 
posed in any location between the light source means '0 
200 and the vicinity of the display surface of the image 
display device 400 on the observer side. 
[0157] For the image display device (LCD), which is 
one of the major components used for the present in- 
vention, an existing production facility can be utilized 15 
practically as it is. The only difference from the existing 
LCD is that the color filters for the RGB three primary 
colors are arranged in the form of horizontal stripes rath- 
er than in the form of vertical ones. In the future, use of 
an image display device which is manufactured by lam- 20 
inating a liquid crystal lens array and a self-luminous 
type device on the LCD, and standardized as an all-in- 
one 3D-FPD can be expected. 
[0158] FIG. 1. FIG. 7, and FIG. 8 show ah optical sys- 
tem when n = 2, however, by setting n at a value of 1, 25 
or a value equal to or greater than 3, the pitch Vc for the 
cylindrical lens array 300 may be decreased or in- 
creased. FIG. 21 (A), FIG. 21 (B), FIG. 21 (C), and FIG. 
21 (D) show an optical system when n = 1 , 2, 3, and 4, 
respectively. As shown in these figures, the pitch Vc for 30 
the horizontal cylindrical lens array 300 can be freely 
selected, provided that the light emitting unit and the pix- 
el are in the prescribed conjugate relationship. 

INDUSTRIAL APPLICABILITY 35 

[0159] With the 3-D image displaying method accord- 
ing to the present invention and a 3-D image display unit 
using it, parallax images which number corresponds to 
that of parallax directions are displayed by the pixel ar- to 
rangement in the form of a matrix, thus when displaying 
a multi-viewpoint 3-D image, an extreme unbalance of 
the pixel densities in the vertical and horizontal direc- 
tions as is encountered with the conventional lenticular 
system, which provides a display by the pixel arrange- « 
ment in the form of stripes, and the parallax barrier sys- 
tem will not occur. Especially by setting the pixel densi- 
ties in the vertical and horizontal directions for parallax 
images at the same value, 2-D image information which 
amount corresponds to the number of parallax direc- 50 
tions on the dot matrix generated by the normal image 
pickup device or rendering software can be synthesized 
with a high efficiency on the display device. 
[0160] In that case, the pixel pitch for the parallax im- 
ages to that for the display device is not multiplied by 55 
the number of parallax directions as with the lenticular 
system and the parallax barrier system, but is multiplied 
by the root of the number of parallax directions at max- 



imum, therefore, the deterioration of the resolution can 
be minimized. In addition, a stereoscopic image can be 
displayed by means of only the light source, horizontal 
cylindrical lens array, and image display device, the con- 
figuration of the apparatus can be extremely simplified. 
Consequently by using the 3-D image displaying meth- 
od according to the present invention, a 3-D image dis- 
play with which the number of parallax directions is ex- 
tremely large, as with the 64-eye 3-D image display and 
the 100-eye one, can be realized with an inexpensive 
configuration. 

[0161] In addition, because the liquid crystal cylindri- 
cal lens array, which allows the tolerance for lens pitch 
to be met with ease, is adopted, variation in preferred 
viewing distance, cross talk, and the like can be sup- 
pressed. Further, the system which uses a diffusibility 
control means, such as a high-polymer dispersion type 
liquid crystal layer, to change over from the transmission 
condition to the diffusion one or vice versa, can easily 
and inexpensively select the 3-D image display, the 2-D 
image display, which uses the full resolution of the dis- 
play device, or the display with which a 2-D image and 
a 3-D image are intermixed. Especially with the system 
in which the diffusibility control means and the liquid 
crystal cylindrical array are integrated, the configuration 
is more simplified, which allows the size to be reduced. 
[0162] In addition, with the system in which a sub light 
source is disposed in a portion of the respective unit light 
emitting blocks where no light emitting unit is disposed, 
lighting only the light emitting units provides a 3-D image 
display, while lighting also the sub light sources provides 
a 2-D image display, thus, selection of the 3-D image 
display, the 2-D image display, or the display with which 
a 2-D image and a 3-D image are intermixed can easily 
be performed. 

[0163] Especially with the system in which the light 
source means is composed of a mask substrate having 
an opening in the location corresponding to the light 
emitting unit, and a planar light source which irradiates 
the mask substrate from the back thereof, or each light 
emitting unit is composed of self-luminous type light 
emitting sections, the thickness of the light source can 
be reduced. Further, with the system in which the light 
source means is composed of a transmission type light 
source display device and a planar light source which 
illuminates this light source display device from the 
back, selection of the 3-D image display, the 2-D image 
display, or the display with which a 2-D image and a 3-D 
image are intermixed can easily be performed simply by 
changing the mask pattern to be displayed. 
[0164] With the system in which each pixel of the im- 
age display device is composed of sub-pixels in the form 
of horizontal RGB stripes, the deviation in color balance 
for each pixel due to the difference in viewing angle is 
prevented. In addition, with the system in which color 
filters in the form of horizontal RGB stripes or light emit- 
ting sections in the form of horizontal RGB stripes are 
provided for each light emitting unit on the light source 
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means such that, in the positions optically conjugate 
with the horizontal RGB stripes of the image display de- 
vice, the same primary colors are disposed, any cross 
talk between parallax images resulting from a working 
error or an aberration can be suppressed, and a sharp 5 
stereoscopic image can be displayed. Especially with 
the system which is constructed by using light emitting 
sections in the form of horizontal RGB, the light can be 
utilized with no waste. 

[0165] Further, with the system in which, on the light »o 
source means for the primary colors of RGB, the light 
emitting units for the different primary colors are dis- 
posed such that they are not overlapped one upon an- 
other; the light source means for the primary colors are 
caused to blink in turn such that they are not lighted si- is 
multaneously; and in synchronization with such sequen- 
tial blinking, the images corresponding to the primary 
colors are displayed in turn on the transmission type im- 
age display device, the persistence effect allows the ob- 
server to observe a full color 3-D image which is as a 20 
result of synthesizing the 3-D images of the RGB prima- 
ry colors. 

[0166] In addition, the R, G, and B colors are dis- 
played by time sharing with a single pixel, thus, com- 
pared to the system in which each pixel is divided into 25 
three sub-pixels of RGB, the pixel density can be tripled. 
Further, there is no need for dividing one light emitting 
unit into light emitting sections of RGB, thus, the light 
emitting energy per time x area can be decreased by 
the amount corresponding to the increase in the area of 30 
the light emitting unit that can be provided for each color, 
which allows the service life of the light emitting device 
to be extended. 

[01 67] With the system in which the lens action in the 
image formation optical system forms the image of the 35 
respective unit light emitting blocks on the display sur- 
face of the image display device in the vertical section, 
and forms the image of the respective unit light emitting 
blocks in the vicinity of the display surface of the image 
display device on the light source side or the observer 40 
side in the horizontal section, the light source means can 
be composed of light emitting units which number is sub- 
stantially small, as compared to the number of pixels for 
the image display device, which allows using an LED 
with excellent characteristics of brightness, color devel- « 
opment, and durability as the light emitting unit. 

Claims 

50 

1. A 3-D image displaying method for displaying, to- 
ward a prescribed observing region, a stereoscopic 
image giving only horizontal parallaxes and no ver- 
tical ones, wherein, 

assuming that the number of parallax direc- 55 
tions is p, and q and r are integers of 2 or greater 
that meet a relational expression, p = q x r, 

the method comprises a light source means 



(200) on which a plurality of unit light emitting blocks 
(210) are arranged in the form of a matrix, each hav- 
ing light emitting units (211) each disposed in re- 
spective q partial regions belonging to mutually dif- 
ferent rows and mutually different columns of a ma- 
trix of q rows and q columns; a horizontal cylindrical 
lens array (300) having a generator in the horizontal 
direction; and a transmission type image display de- 
vice (400), 

on said transmission type image display de- 
vice (400), a synthetic image in which parallax im- 
ages which number corresponds to that of parallax 
directions are synthesized by arranging, in the form 
of a matrix, a plurality of unit display blocks (410, 
510) in which p pixels in total are disposed in the 
form of a matrix of q rows and r columns in the pre- 
scribed order, each pixel being taken one by one 
from approximately the same portions of p parallax 
image screens giving different parallaxes, and 
which are of q types different in arrangement pattern 
of p pixels; and in each row of which the p pixels 
giving different parallaxes are disposed such that 
they are repetitively arranged in the order of ar- 
rangement of the parallax images to be displayed 
in said observing region is displayed, 

a light flux radially projected from one point on 
said light emitting unit (211) in said unit light emitting 
block (210) passes through the display surface of 
the image display device (400), being expanded to 
a breadth of at least p pixels in the horizontal sec- 
tion, and the light flux which has passed through 
said display surface reaches said observing region, 
being expanded from the left end to the right end 
thereof, and in the vertical section, being roughly 
focused every (n x q) pixels (where n is an integer 
of 1 or greater) on the display surface of said image 
display device (400) by the lens function of said hor- 
izontal cylindrical lens array (300), and after pass- 
ing through the image display device (400), 
traveling such that it is diffused in the vertical plane, 
which results in formation of an observing region 
where a different horizontal parallax image is ob- 
served in each of vertical zones which are adjacent 
to one another. 

2. A 3-D image displaying method for displaying, to- 
ward a prescribed observing region, a stereoscopic 
image giving only horizontal parallaxes and no ver- 
tical ones, wherein, 

assuming that the number of parallax direc- 
tions is p, and q and r are integers that meet rela- 
tional expressions, q a 2, r a 1 , and p = q x r, 

the method comprises a light source means 
(200) on which a plurality of unit light emitting blocks 
(210) are arranged in the form of a matrix, each hav- 
ing light emitting units (211) each disposed in re- 
spective q partial regions belonging to mutually dif- 
ferent rows and mutually different columns of a ma- 
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trix of q rows and q columns; a horizontal cylindrical 
lens array (300) having a generator in the horizontal 
direction; and a transmission type image display de- 
vice (400), 

on said transmission type image display de- 5 
vice (400), a synthetic image in which parallax im- 
ages which number corresponds to that of parallax 
directions are synthesized by arranging, in the form 
of a matrix, a plurality of unit display blocks (410, 
510) in which p pixels in total are disposed in the >" 
form of a matrix of q rows and r columns in the pre- 
scribed order, each pixel being taken one by one 
from approximately the same portions of p parallax 
image screens giving different parallaxes, and 
which are of q types different in arrangement pattern »5 
of p pixels; and in each row of which the p pixels 
belonging to different parallax images are disposed 
such that they are repetitively arranged in the order 4. 
of arrangement of the parallax images to be dis- 
played in said observing region is displayed, 20 

a light flux radially projected from said light 
emitting unit (211) in said unit light emitting block 
(210) passes through the display surface of the im- 
age display device (400), being expanded to a 
breadth involving at least p pixels in the horizontal 25 
section, and the light flux which has passed through 
said display surface reaches said observing region, 
being expanded from the left side to the right side 
thereof, and in the vertical section, being roughly 
focused every (n x q) pixels (where n is an integer 30 
of 1 or greater) on the display surface of said image 
display device (400) by the lens function of said hor- 
izontal cylindrical lens array (300), and after pass- 
ing through the image display device (400), 
traveling such that it is diffused in the vertical plane, 35 
which results in formation of an observing region 
where a different horizontal parallax image is ob- 
served in each of vertical zones which are adjacent 
to one another. 

40 

3. A 3-D image displaying method as claimed in claim 
1 or claim 2, wherein, if the vertical dimension and 
the horizontal dimension of said unit light emitting 
block (210) are Vs and Hs, respectively; the vertical 
dimension and the horizontal dimension of said unit « 
display block (410, 510) are Vd and Hd, respective- 
ly; the pitch for said horizontal cylindrical lens array 
(300) is Vc; the distance between said light source 
means (200) and said horizontal cylindrical lens ar- 
ray (300) is L1; the distance between said horizontal 50 5. 
cylindrical lens array (300) and the display surface 
of said image display device (400) is L2; the dis- 
tance between the display surface of said image 
display device (400) and a prescribed observing lo- 
cation is L3; and the focal length for said horizontal 55 
cylindrical lens array (300) in the vertical section is 
fv, the following relational expressions are met: 



1/fv = 1/L1 + 1/L2 



Vs : Vd = L1 : L2 



Vs : Vd = (L1 + L2 + L3) : L3 



Vs : 2(Vc/n) = (L1 + L2 + L3) : (L2 + L3), 

and 



Hs : (q X Hd) = (L1 + L2 + L3) : L3. 

A 3-D image displaying method as claimed in claim 
1 or claim 2, wherein, if the vertical dimension and 
the horizontal dimension of said unit light emitting 
block (210) are Vs and Hs, respectively; the vertical 
dimension and the horizontal dimension of said unit 
display block (410, 510) are Vd and Hd, respective- 
ly; the pitch for said horizontal cylindrical lens array 
(300) is Vc; the distance between said light source 
means (200) and said horizontal cylindrical lens ar- 
ray (300) is L1 ; the distance between said horizontal 
cylindrical lens array (300) and the display surface 
of said image display device (400) is L2; the dis- 
tance between the display surface of said image 
display device (400) and a prescribed observing lo- 
cation is L3; and the focal length for said horizontal 
cylindrical lens array (300) in the vertical section is 
fv, the following relational expressions are met: 

1/fv = 1/L1 + 1/L2 



Vs : Vd = L1 : L2 



n/Vc = Ws + 1A/d, 



Hs:(q x Hd) = (L1 +L2 + L3): L3. 

A 3-D image displaying method as claimed in claim 
1 , claim 2, claim 3, or claim 4, wherein said horizon- 
tal cylindrical lens array (300) is that which is con- 
structed such that a liquid crystal layer (1 430) is dis- 
posed between a pair of electrode-equipped trans- 
parent substrates (1410, 1420), 

electrodes formed on the electrode-equipped 
transparent substrate (1410) of at least one of said 
pair of electrode-equipped transparent substrates 
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(1410, 1420) provide a linear electrode array con- 
sisting of a plurality of linear electrodes (1411) 
which extend in the horizontal direction, and are ar- 
ranged in the vertical direction at a prescribed inter- 
val, and 

by applying a prescribed potential across the 
electrodes of said pair of electrode-equipped trans- 
parent substrates (1410, 1420), said liquid crystal 
layer (1430) is provided with a lens function. 

6. A 3-D image displaying method as claimed in claim 
1, claim 2, claim 3, claim 4, or claim 5, wherein a 
diffusibility control means (1440) which allows se- 
lection from the two conditions, i.e., the transmis- 
sion condition and the diffusion one is provided be- 
tween said light source means (200) and the vicinity 
of the display surface of the image display device 
(400) on the observer side, and 

by using said diffusibility control means 
(1440) for selection from said two conditions with 
said light source means (200) being lighted, either 
the 3-D image display or the 2-D image one is se- 
lected. 

7. A 3-D image displaying method as claimed in claim 
1, claim 2, claim 3, claim 4, claim 5. or claim 6, 
wherein said horizontal cylindrical lens array is con- 
structed such that a liquid crystal layer (1430) and 
a high-polymer dispersion type liquid crystal layer 
(1440) are laminated between a pair of electrode- 
equipped transparent substrates (1410, 1420), 

electrodes formed on the transparent sub- 
strate of said pair of electrode-equipped transpar- 
ent substrates (1410, 1420) that is contacted with 
the liquid crystal lens for liquid crystal layer, (1430), 
provide a linear electrode array consisting of a plu- 
rality of linear electrodes (1 41 1 ) which extend in the 
horizontal direction, and are arranged in the vertical 
direction at a prescribed interval, 

an electrode formed on the other transparent 
substrate which is contacted with said high-polymer 
dispersion type liquid crystal layer (1440) provides 
a transparent surface electrode (1421 ), 

when displaying a 3-D image, a voltage is ap- 
plied across said linear electrode (1411) and said 
transparent surface electrode (1421) for providing 
a lens function for said liquid crystal layer (1430) 
and making said high-polymer dispersion type liq- 
uid crystal layer (1440) transparent, 

when displaying a 2-D image, no voltage is 
applied across said linear electrode (1 41 1 ) and said 
transparent surface electrode (1421) for providing 
said high-polymer dispersion type liquid crystal lay- 
er (1440) with a function to diffuse the light. 

8. A 3-D image displaying method as claimed in claim 
7, wherein, by applying a voltage only across a part 
of said linear electrodes (1411) and said transpar- 



ent surface electrode (1421), the 2-D image display 
and the 3-D image display are intermixed. 

9. A 3-D image displaying method as claimed in claim 
5 1, claim 2, claim 3, claim 4, or claim 5, wherein a 

prescribed sub light source is disposed in a portion 
of said unit light emitting block (210) where said light 
emitting unit (211 ) is not disposed, such that the dif- 
fused light can be basically uniformly emitted from 
10 said region in the form of a matrix of q rows and q 
columns, 

when displaying a 3-D image, only said light 
emitting unit (211) is lighted, and 

when displaying a 2-D image, said sub light 
is source is lighted such that the light is radially pro- 
jected from the entire region of said unit light emit- 
ting block (21 0) basically uniformly. 

10. A 3-D image displaying method as claimed in claim 
20 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 

7, claim 8, or claim 9, wherein said light source 
means (200) is composed of a mask substrate (201 ) 
having an opening in the location corresponding to 
said light emitting unit (211), and a planar light 
25 source (202) which irradiates said mask substrate 
(201) from the back thereof. 

11. A 3-D image displaying method as claimed in claim 
1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 

30 7, claim 8, or claim 9, wherein said light emitting unit 
(211 ) on said light source means (200) is composed 
of self-luminous type light emitting sections. 

12. A 3-D image displaying method as claimed in claim 
35 g, wherein said light source means is composed of 

a transmission type light source display device and 
a planar light source which illuminates said light 
source display device from the back thereof, 

when displaying a 3-D image, a mask pattern 

io which has openings only in the locations corre- 
sponding to said light emitting units (211) is dis- 
played on said light source display device, said pla- 
nar light source being caused to function as said 
light emitting units (211), 

■*5 when displaying a 2-D image, said mask pat- 

tern to be displayed on said light source display de- 
vice is set such that the diffused light is basically 
uniformly projected from the entire region of said 
unit light emitting block (210), whereby said planar 

50 light source is caused to function also as said sub 
light source. 

13. A 3-D image displaying method as claimed in claim 
9, wherein said sub light source is composed of self- 

55 luminous type light emitting sections. 

14. A 3-D image displaying method as claimed in claim 
9, claim 1 2, or claim 1 3, wherein, by lighting a part 
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of said sub light sources, intermixing display of a 
2-D image and a 3-D image is performed. 

15. A 3-D image displaying method as claimed in claim 
1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 
7, claim 8, claim 9, claim 10, claim 11, claim 12, 
claim 1 3, or claim 1 4, wherein, by constructing each 
pixel of said image display device (1820) with sub- 
pixels in the form of horizontal RGB stripes, the de- 
viation in color balance for each pixel due to the dif- 
ference in viewing angle is suppressed, and 

by dividing the light emitting unit (1810) to be 
used for 3-D image display on said light source 
means into light emitting sections of the primary 
colors with color filters in the form of horizontal RGB 
stripes or light emitting sections in the form of hori- 
zontal RGB stripes, and 

disposing the light emitting sections of the pri- 
mary colors on said light source means and the sub- 
pixels of the primary colors of said image display 
device (1820) such that the light emitting section 
and the sub-pixel of the same primary color are in 
the optically conjugate relationship with each other, 

any cross talk between parallax images re- 
sulting from a working error or an aberration is sup- 
pressed. 

16. A 3-D image displaying method as claimed in claim 
1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 
7, claim 8, claim 9, claim 10, claim 11, claim 12, 
claim 13, or claim 14, wherein the light source 
means for the primary colors of RGB, (2200, 2201 
to 2203), are disposed such that the light emitting 
units for the different primary colors, (2201 to 2203), 
are not overlapped one upon another, 

the light source means for the primary colors, 
(2201 to 2203), are caused to blink in turn such that 
they are not lighted simultaneously; in synchroniza- 
tion with such sequential blinking, the images cor- 
responding to the primary colors are displayed in 
turn on said transmission type image display device 
(2220), and the persistence effect allows the ob- 
server to observe a full color 3-D image which is as 
a result of synthesizing the 3-D images of the RGB 
primary colors. 

17. A 3-D image displaying method for displaying, to- 
ward a prescribed observing region, a stereoscopic 
image giving only horizontal parallaxes and no ver- 
tical ones, by means of a linear light source array 
(1910) in which linear light sources (1911) extend- 
ing in the vertical direction are arranged in the hor- 
izontal direction with a prescribed spacing; and a 
transmission type image display device (1920) 
which is located closer to the observer than said lin- 
ear light source array (1910), and displays a syn- 
thetic image in the form of vertical stripes that is as 
a result of the parallax images which number cor- 



responds to that of parallax directions being decom- 
posed into vertical stripes, and the vertical stripes 
being alternately arranged in the prescribed order 
to be synthesized into one image, wherein 

5 by configuring each of said linear light sources 

(1911) by cyclically arranging the light emitting sec- 
tions of the three primary colors of RGB in the ver- 
tical direction, 

constructing each pixel of said image display 

10 device (1 920) with sub-pixels in the form of horizon- 
tal RGB stripes, 

disposing a horizontal cylindrical lens array 
(1 930) having a generator in the horizontal direction 
between said linear light source array (1910) and 

is said image display device (1920), and 

disposing the light emitting sections of the pri- 
mary colors of said linear light source array (1910) 
and the sub-pixels of the primary colors of said im- 
age display device (1920) such that the light emit- 

20 ting section and the sub-pixel of the same primary 
color are in the optically conjugate relationship with 
each other, the utilization efficiency for the light 
emitted from said linear light source array (1910) is 
increased. 

25 

18. A 3-D image displaying method as claimed in claim 
1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 
7, or claim 8, wherein an image formation optical 
system (2430) in which, instead of using said hori- 

30 zontal cylindrical lens array, optical units which ver- 
tical and horizontal sections provide different lens 
functions are arranged in the form of a matrix is pro- 
vided; by the lens functions of said image formation 
optical system (2430), the image of said respective 

35 unit light emitting blocks is formed on the display 
surface of said image display device (2420) in the 
vertical section; and in the horizontal section, the 
image of said respective unit light emitting blocks is 
formed in the vicinity of the display surface of said 

40 image display device (2420) on the light source side 
or on the observer side. 

19. A 3-D image displaying method as claimed in claim 
18, wherein said image formation optical system 

45 comprises a combination of a vertical cylindrical 
lens array (2431) composed of cylindrical lenses 
having a generator in the vertical direction, with a 
horizontal cylindrical lens array (2432) composed 
of cylindrical lenses having a generator in the hori- 

50 zontal direction, 

or comprises a combination of a fly's eye lens 
plate (2433) with said vertical cylindrical lens array 

(2431) or said horizontal cylindrical lens array 

(2432) , 

55 or comprises a toric lens array (2434). 

20. A 3-D image display unit, wherein the method as 
claimed in claim 1, claim 2, claim 3, claim 4, claim 
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5, claim 6, claim 7, claim 8, claim 9, claim 10, claim 
11, claim 12, claim 13, claim 14, claim 15, claim 16, 
claim 17, claim 18, or claim 19 is used. 



10 



25 



30 



EP 1 248 473 A1 




30 



EP 1 248 473 A1 



FIG 2 




EP 1 248 473 A1 



FIG 3 



300b 300b 



EP 1 248 473 A1 



FIG. 4 



Vd 



410.410a 
Hd I 410b 410c 

XTYr 



mm a mm uaa a aa 
hhh mm uhh a aauaa 
muh uhb aaa Maauaa 
uBtyyaauaiaufeiHEjaa 

utaeiEiaaicjaaEiBiHEJaa 
Ej0HHaau@aEjaa&iagi 
HoieifiHH&iaauaaaBg 
HHHEiaaaaaoHHaida 
EsaaHaaoB&Eiaaiiagi 

ussaaaaagiagfaEiaa 
EjaauaaEiEaa&jaakiag] 
waiouHHHaainaaiiHH 



400 



EP 1248 473 A1 



FIG 5 




uh sits aa tia uhh Eiaati 
acj aa aa uh aaaauaii 
Hid ua uh aa aaaauaa 
wo oh aa aa aauaaaa 
uHHEJa&ri&iuuu&iaakj 

aauuuBaaaaiciauuy 
uuuaaaaaicjauBaua 
yaaHaawauaaaaaicJ 
auaauauaauaabiau 
Ljauauauyauuauua 
uuuauaaanuuauaa 
UHayaawauaayaaiti 
atiaaMauaasjaaHau 
HflaaiiaaaEiEmaoHH 



34 



EP 1 248 473 A1 



FIG 6 




EP 1248 473 A1 




EP 1 248 473 A1 



FIG 8 



812 810 




431 432 433 



37 



EP 1 248 473 A1 




EP 1 248 473 A1 



FIG. 10 



100 



EP12W 473A1 



FIG 11 (A) 



1Vj 3 K4 ]W?M ftafm ", 1 „2%4 

UU HH UU liH 

VI SHSH 0000 HSHS 

V2 HHSS 0000 SHOE 

V3 HHBH 0000 SEHB 

V4 SSHH 0000 HBBB 

1101 1102 1103 1104 

FIG 1 1 (B) FIG. 11 (C) 

vl _J-gilig|ii8iligili vl ->Siligigi 

n OaaaaHHHDHBHOBIBH V7 - Jdhbbqbbb 

"-□HagagHHooggpgaH V2 — HaHaiaioQ 

rDBBBCBBBQBBBOBBB u , winllHBinfaran 

V2— J □BBBDBBBDBBBDBBB V3 ~ HSiolainl 

^□□BBnBBBDHBBDHBH V4 ~ 

r5l|BDBBBDBBB0BBB 

V3 



raaaaaaaHDHaaaaaB TXTjCj 

J H □H0BDS0BOHBBDBBH Till 
•-□SBBOEJBBCIBBBnEBH I I I I 

rOBBBOBBBDQBBDBBB> 

a nBBaOHBHPHBBOBBB V 

□BBBDSBBDBBBDBBB / 
^OHBBDHBBnBBBDQBH-^ 



mo H1 H2 H3 H4 



YTYY 

HI H2 H3 H4 



40 



EP 1 248 473 A1 



FIG. 12 (A) 

"| 1 H2"| 3 H4 ThA, » "|V| 3 «4 

UI+ l+U 4vl+ hU 

0000 0000 0000 

HSSS 0000 0000 

SSSS 0000 6 

>•□□□□ 0000 0000 0000 

101 1102 1103 110- 



FIG 12 (B) 



H1 + H2 H3+H4 

XX 

fi_wTOQEIHDB0Br\. 1177 




41 



EP 1 248 473 A1 



FIG 13 




42 



EP 1 248 473 A1 



FIG 14 



1450 1451 




1440 1430 



43 



EP 1 248 473 A1 



FIG 15 



1450 1451 
— ^xA-cr o 



0-] 

1411 

r 



,1421 



f 



EP 1 248 473 A1 



FIGL 16 




45 



EP 1 248 473 A1 



FIG 17 




46 



EP 1 248 473 A1 



FIG 18 




47 



EP 1 248 473 A1 




48 



EP 1 248 473 A1 




FIG 




49 



EP 1248 473 A1 




EP 1248 473 A1 



FIG 22 (A) 




51 



EP 1 248 473 A1 



mm 



FIG 23 (A) 

-mm 



ME 



ME 



WW] 



HI 



mi 



HE 



tgUL, , , 



In 



HE 



aa 



FIG 23 (B) 



EE" 




^ IPs? 

ES> 




itr iwi 


BP nss 



FIG. 23 (C) 



FIG 23 (D) 





1 











52 



EP 1 248 473 A1 



FIG. 24 




53 



EP 1 248 473 A1 



FIG 25 




54 



EP 1 248 473 A1 



FIG 26 




55 



EP 1 248 473 A1 



FIG. 27 (A) 



2711 





y/, 








y/ 


y/ 




y/A 










y/A 








y/A 


y/A 




y/A 










y/ 




% 




y/A 


'SA 













FIG. 27 (B) 



1 


2 


1 


2 


1 


2 


2 


1 


2 


1 


2 


1 


1 


2 


1 


2 


1 


2 


2 


1 


2 


1 


2 


1 


1 


2 


1 


2 


1 


2 


2 


1 


2 


1 


2 


1 



56 



EP 1 248 473 A1 



FIG 28 (A) 



ML 

If 



m 



mi 



1 



2801 



FIG 28 (B) 



2812 



1 


2 


3 


4 


1 


2 


3 


4 


1 


2 


3 


4 


1 


2 


3 


4 


1 


2 


3 


4 


1 


2 


3 


4 


1 


2 


3 


4 


1 


2 


3 


4 


1 


. 2 


3 


4 



2813 : 



57 



EP 1 248 473 A1 



FIG. 29 




EP 1 248 473 A1 



FIG 30 



.^Vc 0 




LI 


L2 



EP 1 248 473 A1 



FIG 31 (A) 




EP 1 248 473 A1 



INTERNATIONAL SEARCH REPORT 






PCT/JPOO/08003 



m Classification (JtQ or to both m 



B. FIELDS SEARCHED 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where tp propria te, of the relevant passages 


Relevant to claim No. 


E, A 


JP, 11-326828, A (MR System Kenkyusho K.K.), 
26 Movember, 1999 (26.11.99) (Family: none) 


1-20 


A 


JP, 11-194300, A (MR System Kenkyusho K.K.), 
21 July, 1999 (21.07.99) (Family: none) 


1-20 


A 


JP, 9-318911, A (Canon Inc.), 

12 December, 1997 (12.12.97) (Pamily: none) 


1-20 


A 


JP, 9-311294. A (Canon Inc.). 
02 December, 1997 (02.12.97) 
S BP, 788008, A 


1-20 


A 


JP, 8-S0S014, A (Dimension Technologies Inc.), 

28 May, 1996 (28.05.96) 

& WO, 94/06249, A & US, 5349379, A 

& US, 5410345, A & US, 5428366, A 

& EP, 659324, A 


1-20 



Q Further documents are listed in tbe continuation of Bos C Q See patent family i 




Date of tbe actual completion of the international search 
01 February, 2001 (01.02.01) 


Date of mailing of the international search report 
13 February. 2001 (13.02.01) 


Name and mailing address of the ISA/ 
Japanese Patent Office 


Telephone No. 



Form PCT/ISA/2 10 (second sheet) (July 1992) 



61 



